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! .  INTRODUCTION
Rapid growth in the volume o f waste material produced by a bur­
geoning population and a consumer-oriented economy, coupled w ith an in ­
creased awareness of the importance o f environmental q u a lity , has 
necessitated more e ff ic ie n t methods o f dealing with problems o f envir­
onmental po llu tion . Paramount among these problems is  the po llu tion  
o f the Earth 's water resources.
The existence o f the technology necessary to produce potable water- 
supplies and the a v a ila b ility  o f the capita l necessary to build the 
needed p u rifica tio n  fa c i l i t ie s  have removed most o f the health hazards o f 
water po llu tion  in developed nations such as the United States. In th is  
age o f ecological awareness, however, public demand goes beyond the basic 
requirement of pure drinking water. Emphasis is  now being placed on the 
restoration and preservation o f the nation 's streams to such an extent 
tha t they can support a balanced population o f aquatic l i f e ,  provide 
recreational benefits and be aesthe tica lly  pleasing to the human senses. 
This emphasis is  reflected in the objectives o f the Federal Water 
Po llu tion  Control Act Amendments o f 1972:
Sec. 101. (a) The objective o f th is  Act is  to restore and 
maintain the chemical, physical, and bio logical in te g r ity  o f 
the Nation's waters. In order to achieve th is  ob jective, 
i t  is  hereby declared th a t, consistent with the provisions 
o f th is  Act-
( 1) i t  is  the national goal tha t the discharge 
o f pollutants in to  the navigable waters be 
eliminated by 1985;
(2) i t  is  the national goal that wherever a t­
ta inable, an interim  goal of water q ua lity  which 
provides fo r the protection and propagation of 
f is h , s h e llf is h , and w ild life  and provides fo r  
recreation in  and on the water be achieved by 
July 1, 1983;
(3) i t  is  the national policy that the discharge
of tox ic  pollutants in  toxic amounts be p roh ib ited ... 
(FWPCAA 1972, p. 1)
Basic technology already exists to accomplish these goals, and 
advanced techniques are being developed and tested which w il l  make waste 
treatment even more e ff ic ie n t.  While a broad and immediate application 
o f th is  technology to a ll waste sources throughout the United States is  
obviously desirable, i t  is  currently impossible due to economic factors 
and to the in a v a ila b ility  of manpower and equipment resources. I t  is ,  
therefore, necessary to have a model fo r a plan o f action which would 
optimize our present resources so that the goals fo r in-stream water 
q u a lity  can be met in the shortest possible time.
Models fo r analysing the response o f water resources systems to 
waste inputs have been developed and refined w ith in  the la s t few years.
While they may be mathematically correct and th e o re tica lly  sound, most 
o f these models require extensive data on both stream and waste character­
is t ic s .  Data necessary to drive many of the mathematical models fo r  pre­
d ic ting  in-stream q u a lity , given waste inputs, is  not now available on a 
state-wide basis and cannot be obtained except through expensive and time- 
consuming monitoring operations.
The impetus in  water qua lity  management is  fo r  action now. The public, 
through le g is la tio n  and governmental regulatory agencies, is  demanding 
tha t action be in it ia te d  immediately without waiting fo r  the development 
of the data base necessary to ca lib ra te  and drive sophisticated mathematical
and managerial models^ In the face of such public pressure, the temp­
ta tio n  to "do something, even i f  i t ' s  wrong" must be resisted. I f  we 
are to move in  a positive d irec tion , there is  a great need fo r a model 
water q u a lity  plan that w il l  provide fo r  the preservation and/or a tta in ­
ment o f desirable water q ua lity  at the e a rlie s t possible date, given the 
ex is ting  re s tra in ts  of data inadequacies, financ ia l lim ita tio n s , current 
treatment practices, and lega l, soc ia l, and p o lit ic a l re a lit ie s .
The purpose of th is  paper is  to develop such a model water qua lity  
plan. The fo llow ing pages w il l  contain a description o f the basin fo r 
which the plan w il l  be developed, an evaluation of the h is to rica l and 
present water q u a lity , an analysis of the existing waste discharges, a 
discussion o f possible approaches to waste-load allocations and the 
selection of a maximum u t i l i t y  approach, a waste load a llocation  fo r 
present dischargers, and recommendations fo r  a data generating system 
which w il l  allow fo r  improving the model a t fu ture  planning in te rva ls .
This model w i l l  be developed fo r  the Middle Arkansas River Planning 
Basin in  Oklahoma but should be applicable to other basins in  Oklahoma 
and other states. The model w il l  u t i l iz e  only the data which is  currently 
available in  the f i le s  of the state water qu a lity  agencies or which could 
be obtained quickly by u t i l iz in g  the existing resources of the state 
po llu tion  control agencies. The model w i l l ,  however, contain mechanisms 
fo r pe riod ica lly  updating and increasing the level of sophistication of 
techniques as more and better data becomes available.
In keeping with the practical application philosophy, the model plan 
w il l  sa tis fy  the requirements fo r  the Federal Water Pollution Control Act 
Amendments o f 1972 and the state statutes concerning water po llu tion  con­
tro l and w il l  stress implementation capab ility .
Ile  BASIN CHARACTERIZATION
Boundaries
The planning basin under consideration consists o f a ll the area in 
Oklahoma draining in to  the Arkansas River from approximately three miles 
below Keystone Dam to a point ju s t above the Arkansas confluence with the 
Canadian River. The basin is  referred to as the "Middle Arkansas" since 
other planning basins cover portions of the Arkansas River upstream and 
downstream from the basin boundaries. The boundaries correspond exactly 
with those o f Region IX as established in a study e n tit le d  Appraisal o f 
the Water and Related Land Resources of Oklahoma by the Oklahoma Water 
Resources Board and supported in part by the Water Resources Council. 
(QWRB 1971)
P o lit ic a l Boundaries
The area encompassed by the Middle Arkansas Basin includes approxi­
mately 9,685 square miles in Oklahoma. I t  is  bounded on the north by 
Kansas and on the east by Missouri and Arkansas. Counties included in 
the area are Ottawa, Delaware, Craig, Mayes, Nowata, Wagoner, Rogers, 
and Washington. In add ition , v ir tu a lly  a ll o f Tulsa and Muskogee and 
parts o f McIntosh, Cherokee, Sequoyah, Adair, Okmulgee, Creek, and Osage 
counties are w ith in  the planning basin. (OWRB 1971) A map of the basin
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is  included on the follow ing page.
Sub-state planning organizations w ith in  the basin include Northeast 
Counties of Oklahoma Economic Development Association (NECO), Eastern 
Oklahoma Development D is tr ic t (EODD), and Indian Nations Council of 
Governments (INCOG). NECO lie s  to ta lly  w ith in  the basin while most of 
EODD and INCOG are w ith in  the basin boundaries. Boundaries o f these or­
ganizations are shown on the map on page 7 .
Hydrological Units
In addition to the Arkansas River, the principal hydrological units 
in the Middle Arkansas Planning Basin are the I l l in o is ,  Grand Neosho, 
V erd igris , and Caney Rivers and Bird and Hominy Creeks. Tributaries to 
these streams complete the drainage system.
The I l l in o is  River enters the state of Oklahoma from Arkansas. Ap­
proximately 900 square miles of area in  Oklahoma drains to th is  stream.
The Grand Neosho, Verd igris, and Caney Rivers a ll enter the state from 
Kansas. Oklahoma lands w ith in  these basins cover approximately 2700,
4300, and 1600 square miles respectively. (OWRB 1971, pp. 65-66) Bird 
and Hominy Creeks drain the northwestern part o f the basin and merge in to  
a single stream before passing through the Tulsa area and in to  the Verdigris. 
A map showing these hydrologie units is  included on page 8 .
Stream Segmentation
The streams in the Middle Arkansas Planning Basin were divided in to  
segments having s im ila r characteristics with respect to hydrology, water 
q u a lity , and water use designation. The map on page 9 shows the resu lt 
o f th is  segmentation.
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The above segmentation should not be interpreted to mean that a ll 
streams w ith in  each segment are s im ila r w ith respect to the previously 
named cha rac te ris tics , since in most cases th is  d is tin c tio n  is  made only 
fo r  the main streams. S im ilar separation fo r tr ib u ta rie s  would result 
in a large and unwieldy number o f segments. The princ ipa l segments en­
compass the drainage areas of the I l l in o is  River (1-B), the Grand Neosho 
River (1-C), and the Verdigris River (1-D): the remaining land drainage 
goes d ire c tly  in to  the Arkansas River (1-A).
Segment 1-B
The I l l in o is  River, which drains a somewhat mountainous region, has 
the s w ift,  turbu lent characteris tics  of mountain streams. Tenkille r 
Reservoir, located on the lower part of the stream, covers approximately 
12,550 acres a t conservation pool and has the designated uses of flood 
con tro l, hydroelectric power generation, water supply, recreation, and 
fish  and w ild life  propagation. (OWRB 1971, p. 85) The reservoir is  a 
major recreation center in  the state, and development near the shore line  
is  increasing s tead ily .
Segment 1-C
Segment 1-C encompasses the Grand Neosho and its  trib u ta rie s  in 
Oklahoma. The Grand Neosho is  one of the largest streams in  Oklahoma, 
draining a to ta l area of 12,520 square miles covering portions of 
Kansas, M issouri, Arkansas, and Oklahoma. (OWRB 1971, p. 65) Since 
completion of John Reddman Reservoir upstream in Kansas, flow in  the 
Grand Neosho is  regulated to some extent throughout Oklahoma. The major 
part o f the stream w ith in  Oklahoma is impounded by a series of dams which
n
create three large reservoirs. These reservoirs regulate downstream flow 
throughout the year. (Eng. Advisory Committee 1961, p. 29)
Flow in the stream is in a general southward d irec tion . The area to 
the east o f the r ive r consists of low mountain ranges while the area to 
the west rises in gentle p ra ir ie  slopes. This d is t in c t ly  d iffe re n t topo­
graphy results in d iffe re n t flow regimes in  the tr ib u ta ry  streams draining 
these areas. Tributaries from the east are generally perennial streams 
while tr ib u ta rie s  from the west are mostly in te rm itten t streams which 
have no natural flow part o f the year..
Segment 1-D
The Verdigris River flows southward in to  Oklahoma from Kansas and 
empties in to  the Arkansas River near Muskogee. Total drainage area of 
the stream is  approximately 8300 square m iles, about h a lf o f v,'hich lie s  in 
Oklahoma. (OWRB 1971, p. 65) Tributaries in Oklahoma are Caney River and 
Bird Creek.
For the purpose of current planning e f fo r t ,  the Verdigris basin is  
divided in to  two sub-segments. The upper reaches of the Verdigris and its  
tr ib u ta r ie s , Caney River and Bird Creek, have been separated as a sub-seg­
ment, l - D ( l) ,  o f the to ta l segment. This area is  composed mostly of low 
ro llin g  h i l ls .  Vegetation consists mostly of scrub oak in  the eastern 
two-thirds and native grass sod in the western one-third of the sub-segment. 
Oil and gas a c tiv it ie s  are extensive throughout the area (OWRB 1971, p. 65)
The lower Verdigris sub-segment encompasses some of the most highly 
developed areas in Oklahoma. This sub-segment includes area in and 
around Tulsa which drains in to  Bird Creek below the confluence of Hominy
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Creek and in to  the Verdigris River below the confluence o f the Caney 
River. The Kerr-McClellan Navigation System extends about three-fourths 
o f the way up the sub-segment to Catoosa. Extensive development has 
commenced in th is  area and is  expected to continue rather rapid ly.
Segment 1-A
Segment 1-A includes a ll of the land tha t drains d ire c tly  to the 
Arkansas River (excluding the Verdigris, Grand Neosho, and the I l l in o is )  
between the confluence o f the Canadian and Arkansas and the dam of Key­
stone Reservoir. The shape of th is  basin is roughly rectangular, measuring 
approximately 80 miles long and 20 miles wide.. The area of th is  segment 
is  approximately 1560 square miles and includes some highly developed 
areas around Tulsa and Muskogee. The Kerr-McClellan Waterway follows the 
r ive r from the downstream segment boundary to the Verdigris River at 
Muskogee. Most of the undeveloped area consists of f la t  woodlands along 
the r iv e r  with sharp, broken h i l ls  along the perimeters. (OWRB 1971, p. 65) 
With the exception of the major streams previously discussed, tribu ta ries  
are small streams with comparatively in s ig n ifica n t flow.
Natural Characteristics
Meteorological, hydrological and other natural characteristics of the 
Middle Arkansas Basin are covered in great de ta il in  the Appraisal o f the 
Water and Related Land Resources o f Oklahoma, Region Nine, published by 
the Oklahoma Water Resources Board in 1971. Most of the descriptive 
material below has been summarized form th is  source. For a more thorough
13
description, the reader is  referred to the above mentioned document.
Both meteorological and hydrological characteristics of a drainage 
basin are l ik e ly  to  have s ig n ifica n t e ffects on water q u a lity . In the 
Meteorology section below, an overview of such meteorological character­
is t ic s  as temperatures, p rec ip ita tio n , wind, and evaporation is  followed 
by an examination of the ways in which these characteristics might a ffec t 
water q u a lity . The Hydrology section is  divided in to  Surface Water 
Hydrology and Ground Water Hydrology. The f i r s t  section moves from a d is­
cussion o f stream-flow characteristics and surface characteristics in to  
speculation as to the ways in  which these characteristics may a ffe c t in - 
stream water q u a lity . The second section describes such characteristics 
as geology and mineral deposits and concludes w ith remarks re la ting  these 
characteris tics to water q u a lity .
Meteorology
Description
The climate o f the Middle Arkansas Basin varies from moist and sub- 
humid in the west to moist and humid in the east. Summers are long and 
not unusually hot. While winters are usually comparatively m ild, b r ie f 
periods o f colder temperatures do sometimes occur. Spring and autumn months 
are mild with warm days and cool nights.
Temperature variations across the basin are s lig h t. Mean annual 
temperature varies from approximately 59°F in Delaware County in  the 
eastern portion to 61°F in southwestern Osage County in the west. A map 
o f the state of Oklahoma showing its  mean annual temperature contours is  
shown in Figure 5 on the follow ing page. Daily maximum temperatures average 
around 44°F in January and 92°F in  July. Daily minimum temperatures average
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approximately 26°F in January and 69°F in July
The growing season, tha t period of time between the average date of 
the la s t 32°F temperature in the spring and the f i r s t  32°F temperature in 
the f a l l ,  varies from about 190 days in  the higher elevations of Delaware 
and northern Adair Counties to 210 days along the southwestern border of 
the basino
Average yearly p rec ip ita tion  in the basin varies from about 34 inches 
in  western Osage County to 44 inches in Adair, eastern Cherokee, and 
southern Delaware County. A map of the State o f Oklahoma showing the 
mean annual ra in fa ll countours in  inches is  shown in Figure 6 on page 14.
A maximum p rec ip ita tio n  occurs in  la te  spring and early summer mainly in 
the form o f frequent thunderstorms. The highest p rec ip ita tion  occurs in 
May with 14 percent o f the year’ s to ta l followed closely by June with 13 
percent. A secondary p rec ip ita tion  maximum occurs in September and 
October (11 percent and 9 percent of the year's to ta l,  respectively).
The p re c ip ita tio n  levels are higher in  the spring and summer seasons 
due to lo c a lly  heavy showers. The p rec ip ita tion  is  more general and wide­
spread in the fa l l  and w inter months. During the average year a measurable 
p rec ip ita tio n  o f 0.01 inches or more is  observed on 90 to 95 days. On 
about 10 o f these days, ra in fa ll is  at least one inch.
Mean annual snowfall in the basin is  from e igh t to ten inches and 
is  f a i r ly  well d is tribu te d  over the three w inter months; December, January 
and February.
Although periods o f re la tiv e ly  heavy snowfall do occur, the frequency 
o f occurence is  not very great. During an average year there are only four 
days with snowfall to ta ll in g  one inch or more, and da ily  snowfall of four
16
inches or more is  observed only once every two years. Probably more 
troublesome than the snowfall are the occasional ice storms, observed 
on an average of five  days each year, causing considerable damage to 
trees and u t i l i t y  lines and making travel d i f f ic u l t .
The process of evaporation, which is  enhanced by dry, hot and windy 
weather conditions, inevitab ly extracts s ig n ifica n t quantities of water 
from lakes and reservoirs. Evaporation plays an important ro le  in water 
quantity and, subsequently, water qua lity .
Because of the d if f ic u lty  in measuring evaporation from lakes. United 
States Weather Bureau Class A pans are located near reservoirs and lakes 
of in te res t. I f  both ban and reservoir are subject to the same climato- 
log ica l conditions, the water evaporation from the reservoir is  approxi­
mately 70 percent of the Class A pan evaporation. Figure 7 on page 17 
shows the average annual lake evaporation in Oklahoma.
Two clim atological properties which have pronounced effects on the 
rate o f evaporation of the surface water are the re la tive  humidity of the 
a ir  and the magnitude of the surface winds. The mean re la tive  humidity 
in the basin averages approximately 60 percent during the winter months 
and 55 percent during the summer months.
Throughout the basin prevailing winds in  January and February are 
northerly , but in a ll other months winds are generally from a southerly 
d irec tion . Average yearly wind speeds are 10 to 12 miles per hour across 
the basin and range from 13 miles per hour in March and April to 9 miles 
per hour during July, August, and September. Winds of 30 to 40 miles per 
hour are not uncommon during the spring months when storm centers move 
eastward across Oklahoma and Kansas. Strong, gusty winds also occur during 
thunderstorms and during winter months. (Oklahoma Water Resources Board 1971, 
pp. 41-44)
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Effects on Water Quality
Meteorological conditions determine to a lage extent the quantity 
o f water available fo r stream flow and in f i l t r a t io n ,  thus d ire c tly  
a ffec ting  both surface water and ground water. Climate conditions in ­
fluence both the to ta l volume and rate of delivery of p rec ip ita tio n .
These in turn a ffe c t both quantity and q u a lity  o f stream flow. Preci­
p ita tio n  data is ,  therefore, an essential part o f a water q u a lity  study.
Meteorolgical factors such as temperature, re la tive  humidity, and 
wind ve loc ity  and d irection  help to determine the frequency and in te n s ity  
o f p rec ip ita tio n , both important factors in  water q ja lity . The yearly 
maximums noted e a rlie r fo r the spring and autumn months fo r the Middle 
Arkansas Basin are a re su lt o f the warm, humid a ir  masses from the south 
being brought in to  contact w ith the cooler, dryer masses from the northern 
p la ins. The d riv ing  force is  the southerly winds which are predominant at 
these times of the year. The re su lt is  a ra in fa ll of high in te n s ity  and 
short duration. At other times of the year when the a ir  masses are nearer 
the same temperature, or when lower wind forces allow slower mixing, the 
resu lting  p rec ip ita tion  is  a t a slower rate and over a longer time period.
The in te ns ity  of p rec ip ita tion  has an e ffe c t on the amount o f po llu ­
tants flushed o ff  the land surfaces. Generally, the heavier, more intense 
storms tend to transport a larger amount of suspended pollutants in to  the 
streams than slower ra in fa ll of longer duration. The intense storms also 
y ie ld  a larger percent of th e ir  to ta l volume to surface runoff while the 
less intense storms allow greater time fo r in f i l t r a t io n ;  thus, an area 
which receives most of i ts  ra in fa ll in the form of localized thundershowers is  
l ik e ly  to have a less sustained stream flow than areas which recieve th e ir
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p rec ip ita tion  in the form of slow, general rainstorms.
Stream flow from the smaller watersheds in the Middle Arkansas 
Basin re fle c t the thunderstorm a c t iv ity  which characterizes the preci­
p ita tio n  during the spring and early summer months. Most of the smaller 
streams lose th e ir  flow e n tire ly  during the la te  summer-early f a l l ,  while 
others su ffe r a s ig n ific a n t reduction in flow. This flow reduction severely 
re s tr ic ts  the assim ila tive  capacity of these streams and lim its  the allow­
able discharge load.
Temperature, re la tiv e  humidity, and winds also a ffe c t the rate of eva­
poration from streams, ponds, reservoirs, and surface s o ils . The contours 
in  Figure 7 presented e a r lie r  indicate tha t evaporation in the Middle 
Arkansas Basin is  s ig n if ic a n t. The problems associated w ith reduction in 
flow were ju s t discussed. On the positive side, a larger evaporation poten­
t ia l  permits the use, in  some instances, o f to ta l retention ponds in  which 
waste water is  evaporated rather than being discharged. This method of 
treatment is  cu rren tly  being used by several o f the smaller communities 
and some industries in  the basin.
In addition to the above e ffec ts , temperature also influences the 
dissolved oxygen content of surface waters and the rate of aquatic b io lo ­
gical a c t iv ity .  The concentration of 00 at saturation is  inversely pro­
portional to the temperature, while b io log ica l a c t iv ity  is  approximately 
doubled fo r every ten-degree (centigrade) r ise  in temperature. I f  suitable 
substrate is  available in  the streams, the increased demand fo r oxygen at 
higher ambient temperature, coupled with the lower saturation level can 
cause s ig n ifica n t DO problems. Unfortunately, the highest temperatures 
occur in the basin during low flow conditions. This places a greater stress 
on stream assim ilative capacity.
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Surface winds also play additional roles in  water q u a lity . Wave 
action created by winds helps keep partic les in suspension, p a rticu la r ly  
in  shallow impoundments. This is  both an asset and a l ia b i l i t y  to water 
q u a lity . The increased tu rb id ity , while aesthetica lly  displeasing, does 
l im it  algal growth. The constant mixing also prevents sludge blankets 
or organics from being deposited and increases the rate of reoxygenation.
Hydrology
Hydrology, the science that deals with the properties, d is tr ib u tio n  
and behavior o f water in  nature, includes the study of surface water and 
groundwater. Surface water hydrology describes the flow of creeks and 
r iv e rs , storage in ponds, lakes, reservo irs, and the physical features and 
topography which affects these waters. Groundwater hydrology is  concerned 
w ith the occurrence, movement, and a v a ila b il ity  o f the subsurface water 
contained in  both shallow and deep aquifers.
Surface Water Hydrology
The surface water hydrology portion o f th is  paper includes discussions 
o f stream-flow, surface, and water resources development characteristics of 
the Middle Arkansas Basin, along with an assessment of th e ir e ffects on in - 
stream water q u a lity .
Stream-Flow Characteristics. The follow ing paragraphs contain general 
information on to ta l basin runoff and on stream-flow characteristics of each 
of the s ix  r iv e r  basins comprising the to ta l drainage area of the Middle 
Arkansas Basin.
Figure 8 on page 17 shows the basin's average annual runoff contours
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in inches during the period 1931-1960. During an average year when the 
p rec ip ita tion  is  about 38 inches, the drainage area of the basin (9685 
square miles) generates a to ta l runoff of approximately nine inches, cor­
responding to 4,649,000 acre-feet of water. Of th is  amount only a re la ­
t iv e ly  small percentage of the to ta l (6%) is being u tiliz e d  according to 
the water use records of 1968. These records show that in the 17-county 
area that comprises a somewhat larger drainage area than the area included 
in  the basin, a to ta l of 256,000 acre-feet of water was u tiliz e d . (0WR3 1971, 
p. 65)
Main Stem Arkansas River. The portion of the Arkansas River Basin 
included in the basin consists of that area between the confluence of the 
Arkansas with the Canadian River upriver to the Keystone Dam. The actual 
r iv e r length of the Arkansas in  the basin is  116.1 miles, due to its  
meandering path. The to ta l drainage area fo r the Arkansas River system 
above its  confluence with the Canadian River is  99,127 miles. This area 
includes a considerable portion of the states of Oklahoma, Kansas, and 
Colorado.
Since September of 1964, the flow in  the Arkansas River has been 
regulated by the Keystone Reservoir Dam, located near Sand Springs, and 
to a somewhat lesser degree by the navigational fa c i l i t ie s  which were com­
pleted in 1971 below the confluence with the Verdigris River. (OWRB 1971, 
p. 65) Figures 9 and 10 on pages 22 and 23 show the duration curve of 
da ily  discharge fo r  two points on the Arkansas River.
Grand Noesho River. Above its  confluence with Spring River, the Grand 
Neosho River is  usually referred to as the Neosho River; below th is  point 
to its  termination in the Arkansas River near Muskogee i t  is called Grand 
River. The Neosho rises in Morris County, Kansas, and flows generally
ARKANSAS RIVER a t  TULSA
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south to southeastward, joined by i ts  major tr ib u ta r ie s , Labette Creek, 
Spring River, Spavinaw Creek, and Pryor Creek before i t s  confluence with 
the Arkansas. The stream basin o f the Neosho River is  quite irreg u la r 
comprising a drainage area of 12,520 square miles in Oklahoma and the 
neighboring states of Kansas, M issouri, and Arkansas. The most important 
feature o f th is  area is  the chain o f reservoirs providing hydroelectric 
power and recreation fa c i l i t ie s  fo r th is  reach of the r iv e r  in  Oklahoma. 
(OWRB 1971, p .65) Figure 11 on page 25 shows the duration curve of d a ily  
discharge fo r  the stream gaging s ta tion located below the Fort Gibson 
Reservoir on the Grand Neosho.
Verdigris River. Rising in the southeast corner o f Chase County,
Kansas, and running in a general southerly d irec tion , the Verdigris River
is  joined by i t s  main tr ib u ta r ie s  o f Willow Creek, Fall River, Elk River, 
Caney River, and Bird Creek before i ts  confluence with the Arkansas River 
near Muskogee. Within Oklahoma are 4290 of the 8303 square miles included 
in  the Verdigris drainage area.
Stream-flow characteristics w i l l  probably be somewhat affected by the 
navigational fa c i l i t ie s  completed in  1971 on the Verdigris River below 
Catoosa, although these fa c i l i t ie s  do not include provision fo r flood con­
t r o l .  (OWRB 1971, p. 65) Figure 12on page 26 shows the Surface Water 
Records and Duration Curve o f Daily Discharge fo r the gaging station located 
on the Verdigris River at Lenapah.
Caney River. The Caney River enters Oklahoma in  the northern portion
of Osage County and flows in a southeasterly d irection through Hula 
Reservoir and then turns to a southerly—southeasterly d irection  through 
Washington and Rogers Counties to i ts  confluence with the Verdigris River
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northwest of Claremore. One-thousand, sixteen square miles of the Caney 
R iver's 2111 square mile drainage area are in Oklahoma. The Caney River 
rises in the western part of Elk County, Kansas, a t an elevation of about 
1660 fee t above mean sea level and terminates a t an elevation of 550 feet 
a t i ts  confluence with the Verdigris. The average annual discharge at the 
UoS.G.S. gaging station located near Ramona, Oklahoma is  623,000 acre-feet 
fo r  the 27-year period ending in  1969. (OWRB 1971, pp. 65-66)
I l l in o is  River. Originating in northwestern Arkansas at an elevation 
o f about 1600 fe e t, the I l l in o is  River flows in  a southwesterly d irec tion , 
entering Oklahoma near Siloam Springs, Arkansas. I t  flows in a generally 
south-southwesterly d irec tion  through Tenkille r Reservoir to its  confluence 
w ith the Arkansas River near Gore at an elevation of 550 fee t. Joined in 
i t s  course along the Oklahoma reach by its  major tr ib u ta r ie s , Ballard Creek, 
F l in t  Creek, Barren Fork, and Caney Creek, the I l l in o is  River drains an area 
o f about 1660 square miles in i ts  to ta l basin, about 900 square miles of 
which are in  Oklahoma. (OWRB 1971, p. 66) The topography of the basin is 
in general rough and broken with the streambed strewn with boulders along 
a gravelly bottom characte ris tic  of many mountain streams. Stream flow at 
the U.S.G.S. gaging station below Tenkille r Reservoir has recorded a yearly 
average of 1,058,000 acre-feet fo r  a 31-year average ending in 1969. F ig u re  13 
shows the Surface Water Records and Duration Curve of Daily Discharge fo r the ; 
stream gaging s ta tion  located near Tahlequah.
Bird Creek. Rising a t an elevation of 1100 fee t a short distance north­
west o f Personia in Osage County, Bird Creek flows generally southeastward 
to eastward across Tulsa County. Joined along i ts  course by Middle and 
Lower Bird Creeks (the source of Bluestem Lake), B irch, Candy, Hominy, and
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Delaware Creeks, i t  moves to i ts  confluence with the Verdigris River ju s t 
north of Catoosa in  Rogers County. At th is  point the elevation is  about 
530 fe e t. The en tire  1147 square mile drainage area o f Bird Creek is  in 
Oklahoma.
Bird Creek's continuous stream gaging station located near Sperry 
has recorded an average annual flow of 318,100 acre-feet fo r the 31 year 
period extending to 1969. (OWRB 1971, p. 66) Figure 14 on page 30 shows 
the Surface Water Records and Duration Curve of Daily Discharge fo r  the 
continuous stream gaging s ta tion located near Avant.
Surface C haracteris tics. The surface characteris tics of the land area 
comprising the Middle Arkansas Basin w i l l  be discussed under three sub­
headings; topography, vegetation cover, and surface s o ils , and surface 
water development.
Topography. The Ozark Mountains, generally east o f the Grand Neosho 
River, and the P ra irie  Homocline, west o f the Grand Neosho River, are the 
two physiographic features found in  the basin.
The Park Mountians exh ib it deeply dissected karst topography, with 
fa u lt  divides separated by deep, V-shaped valleys. Bugger Mountain, Adair 
County, boasts the region's highest elevation, 1750 fe e t mean sea level 
(msl). The Region's lowest evelvation, about 430 fee t msl, is  at the con­
fluence of the Arkansas and Canadian Rivers. Local r e l ie f  is  as high as 
500 fe e t, but average r e l ie f  is  about 250 fee t. The land surface slopes 
westward and southward from the Arkansas and Missouri borders, and the 
topography is  mature, with 60 percent slopes, 30 percent uplands, and 10 
percent bottomlands. The drainage is  dend ritic , w ith  streams flowing 
westward and southwestward in to  the Grand Neosho and Arkansas Rivers.
Flood plains o f one to four miles fo r  the main rive rs  and about one-
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quarter mile fo r  smaller streams are found in  the basin. The average 
gradient fo r  larger rivers is  two to four fee t per mile and fo r smaller 
streams is  ten to twenty-five fee t per m ile. For larger streams entering 
the Grand Neosho River the stream density is  about one stream every two 
to three miles. (OWRB 1971, pp. 22-23)
The P ra irie  Plains Homocline slopes eastward from a maximum elevation 
o f 1340 fee t msl in northern Osage County to about 500 msl on the Arkansas 
River with an average elevation o f about 750 fee t msl. Local re lie f  may 
be as much as 300 fee t. The area is  characterized by gently ro llin g  h i l ls  
w ith eastward facing escarpments capped by res is tan t limestone and sand­
stone with intervening valleys excavated in shales. I t  exhibits a native 
topography with 70 percent uplands, 20 percent slopes, and 10 percent 
bottomlands. The drainage is  dend ritic , modified tre lla c e , following the 
escarpments lo ca lly  with stream flow southward and southeastward. Gradients 
o f three to fiv e  fee t per mile are found on larger streams, while the 
smaller tr ib u ta rie s  have gradients of ten to twenty-five feet per m ile.
About one large stream enters the main rive rs every three miles. One to 
five -m ile  flood plains ex is t on the major r ive rs , while smaller streams have 
flood plains of about one-quarter m ile. (OWRB 1971, p. 23)
Vegetation and Soils. Names of so ils  which dominate and ty p ify  the 
landscape make up a so il association, although other important so ils  usually 
occur in each association. The so ils  in the Middle Arkansas Basin have been 
divided in to  ten natura lly  occurring associations and grouped in to  three 
d iffe re n t so il resource areas: Cherokee P ra irie , Ozark Highlands, and
Cross Timbers. Each so il resource area is  defined by i ts  geology, vegeta­
tio n , and topography.
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Soils in the Ozarks are developed from cherty limestone o f the 
Mississippian Age. A ll other upland so ils  in  the basin are developed 
from sandstones, s ilts tones , and shales of Pennsylvanian Age. Soils de­
veloped in alluviums deposited by streams which drain a p a rticu la r upland 
area are influenced prim arily  by ta l l  grasses. These grassland so ils  of
the Cherokee P ra irie  comprise the typical and dominant so il association
found in the basin. Cherokee P ra irie  so ils  are bordered on the east by
so ils  of the Ozarks which are influenced mostly by blackjack oak, post
oak, and hickory. To the west o f th is area occurs so ils  o f the Cross 
Timbers; there, mixtures of so ils  are developed e ith e r from grasses or 
woodlands. (OWRB 1971, p. 35)
Surface Water Resource Development. The existing surface water re­
sources developed in  the basin include nine reservoirs, more than 100 
smaller lakes, and approximately 30,000 flood retention and stock ponds 
less than ten acres in  surface area. Five more lakes, in  addition to these 
already constructed in the basin, have been authorized fo r construction by 
congressional action; another f iv e  sites have been considered potential
locations fo r dams. (OWRB 1971, p. 83)
Table 1 on page 33 shows the drainage area, the flood control area, 
the conservation and the maximum storage area, the conservation pool area, 
the y ie ld  and purpose fo r the nine major reservoirs. Table 2 on page 34
shows s im ila r information on the five  authorized reservoirs.
Several c it ie s  and towns in  the basin have developed th e ir  own pro­
jec ts  fo r use as present or potential water supplies fo r other beneficia l 
purposes. Table 3 on page 35 shows a l i s t  of the 24 c ity  lakes w ith in  the 
basin and gives the surface area and conservation storage of each fa c i l i t y .
Several local organizations have developed watershed programs w ith in
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Hulah Caney 732 257,900 34,700 292,600 3,600 16.9 FC-WS-R-FW-WQC
Heyburn Polecat 123 49,100 8,200 57,300 980 1.7 FC-WS-R-FW-WQC
Oologah* Verd igris 4,339 965,500 553,400 1,519,000 *29,500 154.0 FC-WS-R-FW-N
Webbers Fa lls Arkansas 97,033 - - 165,200 10,900 - N-P-R-FW
Fort Gibson Grand 12,492 919,200 - 1,284,400 19,900 - FG-P-R-FW
Lake Hudson Grand 11,533 244,200 - 444,500 10,900 - FC-P-R-FW
Lake 0 the Cherokees Grand 10,298 525,000 - 2,197,700 • 46,500 - FC-P-R-FW
T e n k ille r Ferry I l l in o is 1,610 589,000 294,100 1,230,000 12,650 12.0  : FC-P-WS-R-FW
Greenleaf Big Greenleaf 81 3,600 13,500 17,100 900 - FC-R
TOTALS 138,241 3,553,600 903,900 7,207,100 135,830 184.6
COCO
*S ta t is t ic s  given fo r u ltim ate develoment
* *  FC-Flood Control, WS-Water Supply, R-Recreation, FW-Fish and W ild life ,  P-Power, M-Navigation, WQC-Water Q uality Contro
TABLE 2
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Birch Birch 66 39,000 19,200 58,200 1,137 6 .0 FC-WS-R-FW-WQC
Candy Candy 43 30,700 41,000 72,400 2,120 8 .0 FC-WS-R-FW-WQC
Copan L i t t le  Caney 505 184,300 46,000 230,300 4,350 19.0 FC-WS-R-FW-WQC
Sand Sand 137 51,700 39,300 91,000 1,940 13.0 FC-WS-R-FW-WQC
Skiatook Hominy 354 182,300 331,200 513,500 10,540 76.0 FC-WS-R-FW-WQC
1,105 488,000 476,600 965,400 20,587 122.0
*S ta tis t ic s  given fo r  u ltim ate development
**FC-Flood Control, WS-Water Supply, R-Recreation, FW-Fish and W ild life ,  P-Power^hydroelectric), 
N-navigation, and WQC-Water Q uality Control
From: Appraisal o f the Water and Related Land Resources o f Oklahoma, Region Nine, Oklahoma





LAKE NAME CITY SUPPLIED AREA(acres) STORAGE(acre-feet)
Frances Siloam Springs , Ark. 570 2,000
Sahoma Sapulpa 485 4,850
Eucha Tulsa 2,880 79,567
Ramona Ramona 14 70
Spavinaw Tulsa 1,638 30,590
Hudson B a rtle s v ille 335 5,300 •
Pawhuska Pawhuska 95 2,850
Waxhoma Barnsdall 140 2,000
Hominy Hominy 200 5,000
Bluestem Pawhuska 800 17,000
Claremore Claremore 431 2,586
Yahola Tulsa 425 7,000
Mounds Mounds 16 120
Sapulpa Sapulpa 96 800
Low Water Dam Sapulpa 12 40
Pretty Water Sapulpa 30 150
Warner Warner 18 144
Chelsea No. 1 Chelsea 14 210
Chelsea No. 2 Chelsea 25 100
Boynton Boynton 17 85
Haskell Haskell 17 170
Nowata Nowata 65 200
Hominy C ity Homi ny 18 270
Ochelata Ochelata 15 75
TOTAL 8,356 161,177
From: Appraisal o f the Water and 1Related Land Resources of Oklahoma,
Region Nine, Oklahoma Water Resources Board, 1971
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the basin since the passage of the Watershed Protection and Flood Pre­
vention Act o f 1954. Public Law 566, commonly referred to as the small 
watersheds program, emphasises the importance of local leadership in in i ­
t ia t in g  plans and applying needed measures fo r protection of watershed 
drainage areas and reduction of flooding on productive bottomlands. The 
Soil Conservation Service of the United States Department of Agriculture 
gives technical and financia l assistance fo r the planning and in s ta lla tio n  
o f works of improvement, Floodwater retarding structures may, at the re­
quest o f local sponsors, be planned to include additional storage fo r 
municipal water supplies, ag ricu ltu ra l water management, and recreational 
f is h  and w ild life  water supplies.
The Double Creek watershed, located w ith in  the Middle Arkansas Basin 
in Washington and Osage Counties, is  one of the nation's f i r s t  completed 
p i lo t  watershed projects. The Double Creek project contains over 30,000 
acres of drainage area and has s ix  floodwater retarding structures. Other 
watershed developments in the basin include the small hydrological units 
being planned and ins ta lled  in the Cherokee H ills  project authorized under 
the Food and Agriculture Act of 1962. This project includes Delaware,
Mayes, Sequoyah, and Ottawa Counties. (OWRB 1971, p. 79)
The McClellan-Kerr Navigation Project, opened to t r a f f ic  in  1970, is 
ce rta in ly  a major surface water resource development w ith in  the basin. In 
Oklahoma, th is  navigation system on the Arkansas River extends up to the 
Port o f Muskogee where the navigation route turns upstream on the Verdigris 
River fo r the la s t 50 miles before reaching the head of navigation at Tulsa's 
Port o f Catoosa. The waterway has a minimum navigation depth o f nine fee t, 
w ith a minimum width of 250 feet provided on the Arkansas River. Constructed 
150 fee t wide, the Verdigris River Channel was designed fo r future widening
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to 250 fe e t. The 110-foot-wide by 600-foot-long locks can accommodate 
up to e ight 35by 195 fee t barges in each lockage. The three locks and 
dams located w ith in  the basin are Webbers Falls Lock and Dam on the 
Arkansas River and Chouteau and Newt Graham Locks and Dams on the Verdi­
g r is . Also w ith in  the basin is a turning basin at the waterways terminus 
near Catoosa. (OWRB 1971, pp. 90-91)
Effects on Water Quality
The effects of hydrological characteristics on surface water qua lity  
can be s ig n ific a n t. Runoff carries w ith i t  waste loads that are largely 
dependent upon the land use of the area, a phenomenon which w il l  be d is­
cussed at length in a la te r section. Once in the stream, the fa te  of these 
wastes, along with the wastes discharged by point sources, depends upon 
stream depth and ve lo c ity , impoundments and many other factors re la ting  
to the hydrological characteristics of the streams. Surface characteristics 
such as topography and so ils  are also contributing factors to water q u a lity .
Stream ve loc ity  depends p rim arily  upon the slope of the channel, a 
re su lt of topography. Stream ve loc ity  influences several water qua lity  
parameters, notably sediment transport and organic assim ilative capacity. 
While the sw ift, mountain-type streams in the eastern h a lf o f the basin have 
a greater sediment transport capacity, available data indicates that the 
suspended solids load is  less in those streams than that in the slower, 
deeper streams in the western region. This is  most l ik e ly  due, however, 
to the nature of the so ils  and vegetation cover of the eastern area. Un­
disturbed fo rest lands, such as characterize the area east of the Grand 
Neosho, produce much less sediment than do cu ltiva ted farms and pasture 
areas such as characterize other parts of the basin. Stream beds eroded
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in  the rock formations of the eastern part are also more stable than the 
so il channels in  the p ra ir ie  region.
The flow volume of streams is  an important factor in water q u a lity .
Not only does the quantity o f water available fo r d ilu tio n a l purposes 
d ire c tly  in fluece the amount of po llu tion  which can be safely added to 
streams, but the increased surface area and the added turbulence from in ­
creased ve loc ity  enhance the regenerative capacity w ith respect to organic 
loads. The fa c t tha t many of the tr ib u ta rie s  in  the basin are dry, or have 
very low flow during parts o f the year, is  one of the most s ig n ific a n t 
factors a ffecting  water qua lity  in the basin.
The reservoirs located on the main streams and on some of the tr ib u ­
ta ries in the basin probably constiture another major factor in  water 
q u a lity . Not only do these impoundments help in maintaining flow during 
dry periods, but they act as equalization basins fo r minerals and other 
conservative po llu tan ts . This is  demonstrated qu ite  dramatically by the 
decrease in to ta l dissolved solids in the Verdigris River between Lenapah 
and Ino la, a reach o f the r iv e r  containing Oologah Reservoir.
These reservoirs also serve as s e ttlin g  basin fo r the sediment in 
runoff water. This helps to improve qua lity  in  the present time frame.
I t  is apparent, however, tha t th is  sediment build-up w i l l  have to be 
dealt w ith at some time in  the fu ture .
Groundwater Hydrology
Groundwater o f s u ff ic ie n t qua lity  and quantity fo r  most uses is  not 
available in most parts of the basin. In most sections o f the basin, the 
y ie ld  and/or qu a lity  o f the groundwater is  such that most water supplies 
must be drawn from the surface waters.
High y ie lds of water can be obtained from aquifers in the eastern one-
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th ird  of the basin. The qu a lity  o f waters from the deep aquifers in  the 
northeastern part of the basin is  good, but deteriorates to an unsuable 
q u a lity  toward the southern part. Shallow aquifers in  the east-central 
part o f the basin provide good water from wells and also feed springs which 
contribute s ig n if ic a n tly  to the stream flow from th is  region.
Alluvium along the Arkansas River and some parts of the other main 
streams have a s ig n ific a n t y ie ld . In most cases, however, th is  water is 
hgih in  chloride or bicarbonates. Groundwater along the upper reaches of 
the Bird Creek-Caney River watersheds in  the western part o f the basin is  
s u ff ic ie n t both in  quantity and q ua lity  fo r  most uses. As these waters 
flow southeastward, th e ir  q ua lity  changes such that they are no longer 
usable. (OWRB 1971, pp. 93-97) Table 4 on the fo llow ing page presents a 
summary of groundwater q ua lity  in  the basin.
Human-Related Characteristics
! Such human-related characteristics as population and employment trends 
and land and water use may a ffe c t water qu a lity  and quantity in  many in te r ­
re lated ways. For example, the rura l to urban s h if t  w ith i t s  co rre la tive  
ag ricu ltu re -to -indus try  move means higher concentrations o f human and in ­
dus tria l wastes in  metropolitan areas.
Furthermore, both the quantity and q u a lity  o f waste produced by any 
area are influenced by the use to which the land is  put. F in a lly , water 
use, which influences the q u a lity  and quantity o f water remaining in streams, 
is  d ire c tly  influenced by land use.
While a thorough study o f the nature and implications o f human-related 
characteris tics of the basin has not ye t been attempted, the follow ing 
paragraphs provide data which shows some trends in  population, employment,
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land use and water use, and attempts to re la te  these characteristics to 
water q u a lity .
Population and Employment Trends
Information on present and projected population and employment 
trends is  given in the subsections below.
Present Trends
The Middle Arkansas Basin contains 12,585 square miles or roughly 
18 percent of Oklahoma's land area and 762,374 persons (Oklahoma Employ­
ment Security Commission 1972) or approxinately 30 percent o f the sta te 's 
population. The basin has a population density of 78.72 persons per 
square m ile , higher than the state average, 36.60. However, the major 
portion of the population is  in the south and west part of the basin.
Three c it ie s ,  B a rtle s v ille , Muskogee, and Tulsa contain 72.7 percent of the 
area's population. Tulsa has dominated the basin's population and economic 
s ta t is t ic s  with 60.4 percent o f the population followed by Muskogee with 
6.8 percent, and B a rtle sv ille  w ith 5.4 percent.
The three counties in tersecting in the Tulsa metropolitan area ex­
h ib ited  s ig n ifica n t changes over the ten-year period 1960-1970. For 
example, Tulsa County's population advanced 16.1 percent fo r  a gain of 
55,625 persons. Creek County increased i t s  to ta l 12.4 percent w ith the 
addition of 5,037 residents. Osage County, however, declined 8.3 percent, 
losing a to ta l o f 2691 inhabitants. The impressive gain registered in 
Tulsa County demonstrates that the ru ra l- to  urban s h if t  does, in fac t a ffec t 
large segments of the s ta te 's  population. Tulsa County, including the c ity  
o f Tulsa, has the industria l base and urban fa c i l i t ie s  that a ttra c t rural 
people, often through the large varie ty of available job opportunities.
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Gains were also evident among other counties in the region.
Rogers County expanded i ts  population 6490 fo r  an increase of 41.4 
percent, and smaller gains were posted by Delaware, Cherokee, and 
Sequoyah Counties. At the same time, declines were recorded in Nowata, 
Craig, Okmulgee, Muskogee, and Washington Counties. The long-term de­
c line  in the importance of agricu ltu re  as a major employer is  a primary 
cause of reducing populations in many of these counties. Over the past 
decade, small farmers have continued to abandon th e ir  operations and 
move to the major urban areas in Oklahoma and elsewhere in search of in ­
dus tria l employment and employment of other types. Establishment of more 
manufacturing firms in  these counties could do much to reverse the current 
trend of outmigration, as evidenced by the substantial growth recorded in 
most counties having a re la tiv e ly  greater share of manufacturing establish­
ments.
The employment p icture fo r  the basin is  heavily influeced by the 
Tulsa Standard Metropolitan S ta tis tic a l Area (SMSA). In 1970, th is  area 
accounted fo r more than 70 percent of the wage and salary workers in the 
basin, and nearly three-fourths of the manufacturing workers were employed 
in the Tulsa area. An idea of the extent to which the SMSA dominates the 
region is  gained by a closer look a t manufacturing. This d iv is ion  showed 
an overall gain of 0.4 percent between 1968 and 1970. I f  the Tulsa area 
is  removed from the ca lcu la tion , the percentage increase in th is  d iv is ion 
becomes 7.6 percent. In th is  case, the decline of 800 manufacturing 
workers tha t took place in the SMSA o ffse t much of the gain tha t occurred 
in  th is  d iv is ion  among other counties in the basin. I t  should be noted 
tha t manufacturing is  the only industry d iv is ion  where the gain between 
1968 and 1970 was moderated by a decrease in the SMSA, with aerospace re-
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ductions p rin c ip a lly  responsible fo r the Tulsa losses. A ll of the other 
industry d iv is ions exhibited gains fo r the metropolitan area as well as 
fo r  the basin as a whole.
Several o f the counties in  the basin have posted s ig n ifica n t employ­
ment gains over the two-year span, p a rticu la r ly  in  manufacturing. Mayes
County, fo r  instance, showed an increase of nearly 30 percent in factory 
employment with a varie ty  of new expanded plants. The addition of 400 
manufacturing workers in Washington County came as a re su lt of develop­
ments in  d ive rs ified  fac to ries . Craig County's manufacturing employment 
rose 75 percent over the two-year period due to the establishment o f a
large fu rn itu re  and f ix tu re  firm . I t  should be mentioned, however, that
th is  company has suffered considerable layoffs since June 1970.
On the darker side, basin-wide unemployment rose 4470 between 1968 
and 1970 to a level o f 21,715 persons. This figure  represents 6.5 percent 
o f the area labor force compared to 5.3 percent two years e a r lie r. Over 
55 percent of the jobless workers were concentrated in the Tulsa SMSA 
where considerable job loss has occurred p rim arily  in  the aerospace indus­
t r y .  Continued layo ffs  in th is  industry, necessitated by cutbacks in  fed­
eral expenditures, have also affected the counties adjacent to or w ith in  
commuting distance of the metropolitan area. Completion of any con­
s truction  projects associated w ith the Arkansas River Navigation Project 
has also tended to increase the number of unemployed in  the basin. However, 
the establishment of th is  new inland waterway could do much in the way of 
creating the environment necessary fo r  the a ttrac tion  o f a varie ty  of new 
in du s tria l concerns; and as a re s u lt, the employment s itua tion  in  the 
basin should experience a substantial improvement. (Indian Nations Council 
o f Governments 1969; Northeastern Counties of Oklahoma 1972a; Northeastern 
Counties of Oklahoma 1972b)
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Projected Trends
Two sets of forecasts o f population growth to the year 1990 have 
been made fo r the basin; one was made by the Oklahoma Employment Com­
mission, the other by the Substate Planning D is tr ic ts . As a general 
ru le , the Substate Planning D is tr ic ts  projections an tic ipa te  higher 
growth than the OESC projections. The difference in  growth rates is  due 
to differences in projection methodology. GESC's projections are based 
on natural increase and migration while the Substate Planning D is tr ic ts  
use more complex methods in an attempt to account fo r  innovations and 
changes in economic patterns. As the o f f ic ia l state s ta t is t ic a l agency, 
the OESC projections are uniform fo r the state and are the data-base 
fo r  the projections o f employment, in d u s tr ia l, urban, and other growth, 
therefore, the OESC population projections w il l  be used. Table 
on the follow ing page shows the OESC population projections by county 
fo r  the Middle Arkansas Basin. Table 5 below indicates the population




C ity 1970 1975 1980 1990
B a rtle sv ille 29,672 29,320 29,740 30,160
Muskogee 37,331 37,490 37,910 49,989
Tulsa SMSA 475,264 504,900 542,500 625,200
3 c it ie s  to ta l 542,267 571,710 610,150 705,340
Basin Total 762,374 732,300 789,400 961,200
% o f basin to ta l 
in 3 c it ie s 71.13 78.07 77.29 73.38
% of basin to ta l 
in Tulsa 62134 68.95 68.72 65.04
*Oklahoma Employment Security Commission
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TABLE 6
POPULATION PROJECTIONS BY COUNTY*
County 1970 1975 1980 1985 1990
Adair 15,141 15,700 16,400 17,000 17,500
Cherokee 23,174 23,700 24,300 24,000 25,500
Craig 14,722 14,000 13,600 13,400 13,200
Creek 45,532 48,000 50,900 54,100 57,800
Delaware 17,766 17,900 18,300 18,700 19,300
Mayes 23,302 24,800 26,300 27,500 28,700
Muskogee 59,542 59,200 59,200 60,100 62,000
Nowata 9,773 9,200 8,800 8,600 8,300
Osage 29,750 28,800 28,800 27,500 26,800
Ottawa 29,800 30,800 31,900 33,200 34,500
Rogers 28,425 32,000 36,300 41,500 47,500
Tulsa 399,982 428,100 462,800 500,300 540,600
Wagoner 22,163 24,900 26,100 32,000 36,500
Washington 43,302 42,600 42,900 43,000 43,000
*from the Employment Security Commission
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The Tulsa SMSA is projected to make the largest population gains.
The modest population gains taking place in the more rural portions of 
the basin are projected to be due to rura l manufacturing, tourism, and 
service industries. Most of the rural manufacturing development is ex­
pected to take place along the Arkansas River Navigation System and near 
Tulsa. The Eastern Oklahoma Development D is tr ic t  (southern portion of the 
basin) estimates tha t 92 percent of th e ir  population growth w il l  be a 
consequence of manufacturing, the remaining 8 percent w il l  come through 
tourism development. Rural area adjacent to the Tulsa SMSA (which may be 
s lig h t ly  underbounded) should receive " fa l l  out" e ffe c t from Tulsa stim­
u la ting  ru ra l industria l and residentia l development.
As a consequence o f r is ing  population and increasing in d u s tr ia li­
zation, the proportion of the population residing in urban areas has been 
r is in g  over the past decades and is  expected to continue the same trend. 
Oklahoma's population d is tr ib u tio n  s h if t  para lle ls  the national trend, 
although Oklahoma remains more rura l than the norm. The Middle Arkansas 
Basin is  ru ra l by land use but quite urban in terms of population d is t r i ­
bution. Although the Tulsa SMSA contains 62.34 percent of the people of 
the basin and nearly a ll of the people liv e  in a "town", only about 3h  
percent of the land is  contained in urban areas. However, due to rises in 
nonagricultural employment in rura l areas of the basin, the population 
d is tr ib u tio n  is  projected to s ta b ilize . (NECO 1972a; Tulsa Metropolitan 
Area Planning Commossion 1969; Eastern Oklahoma Development D is tr ic t 1971)
Effects on Water Quality
Present and projected (to  1990) trends in population and employment 
in  the Middle Arkansas Basin can serve as a basis fo r general predictions 
concerning the e ffects of these trends on water qua lity  in the basin.
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In a ll p robab ility  the projected increase in population w il l  propor­
t io n a lly  increase the volume of domestic waste generated by the area. In­
creases in some areas w il l  be modest enough to allow communities to con­
tinue using, with various degrees of m odification, present waste treatment 
fa c i l i t ie s .  Areas experiencing more s ig n ifica n t growth may be required to 
construct new treatment f a c i l i t ie s .  For example, as population growth 
occurs in areas surrounding rura l industria l parks, new or enlarged waste 
treatment fa c i l i t ie s  w il l  be necessitated.
With the continued increase in in d u s tr ia liza tio n , especially with the 
heavier concentrations of industries along the main stem of the Arkansas in 
Tulsa and Muskogee Counties, the overall waste loadings in th is  area w il l  
most l ik e ly  show marked increases. The rate of these increases should be 
re la tiv e ly  l ig h te r , since current predictions show tha t fu ture  in d u s tr ia l­
iza tion  w il l  be p rim arily  o f conversion rather than raw-material processing 
type.
However, any increase in coal processing (such as the coal gas ifica tion  
project currently under consideration) could create s ig n ifica n t local water 
q u a lity  problems, as could the nuclear power plants now being considered 
fo r  the Muskogee area.
Land Use
Several phenomena are changing simmultaneously to shape the demo­
graphy of the basin, and three of the most important are discussed below.
1) As urban areas expand, the expansion w il l  be at the expense of 
prime ag ricu ltu ra l land, since land with deep so il and gentle slopes 
is  best fo r both uses. Therefore, as urban/suburban employment and 
population expand, ag ricu ltu ra l cropland use w il l  decline.
2) Major sh ifts  are expected in employment. The o il and gas reserves
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are depleting while coal mining, manufacturing, transportation, 
and recreation industries are r is in g  in terms of employment and 
land use.
3) The Arkansas River Navigation Project has stimulated the 
location of industry in rura l areas and is  expected to cause sh ifts  
in population and economy.
Table 7 on the following page shows that agricu lture  is the largest 
land use category. This w il l  continue to be the case in the-basin; however, 
the character o f agricu ltu re  w il l  change. I t  should be noted tha t "urban 
buildup" and industry are not mutually exclusive categories. Industria l 
land includes both urban and rura l land. A description of these three 
land use categories is  followed by a discussion re la ting  land use to water 
q u a lity .
Description
Urban Land Use. Urban development patterns in  the basin hlave been 
g rea tly  influenced by major highways and railways traversing the region.
The in i t ia l  development was, in most cases, dependent on and adjacent to 
these transportation fa c i l i t ie s ,  and the subsequent development was a 
contiguous enlargement of the o rig ina l townsites. S trip  development has 
since occurred along the highway routes. Other physical constraints tha t 
have had an e ffe c t on the community's growth patterns are the physical 
land forms and hydrologie features. Land speculation has resulted in the 
"leap-frog" placement of subdivisions which in some instances have been 
connected by s tr ip  development.
The present urban form of land use is  one of comparatively low density 
population concentrations. The Tulsa area is experiencing extensive "low
E X I S T I N G  L A N D  U S E  B Y  C O U N T Y  I N  A C R E S *
TABLE 7
C o u n t y
U r b a n
B u i l d u p A g r i c u l t u r e I n d u s t r y O t h e r • T o t a l s
A d a i r 8 , 3 4 1 3 3 6 , 4 1 5 3 6 0 . 8 1 9 , 0 4 3 . 2
3 6 4 , 1 6 0
C h e r o k e e 1 3 , 8 7 6 4 4 5 , 0 5 9 1 1 0 . 0 2 4 , 7 9 5 4 8 3 , 8 4 0
C r a i g 1 9 , 8 5 4 4 6 8 , 6 1 2 3 5 5 . 6 1 3 8 . 4 4 8 8 , 9 6 0
C r e e k 3 , 1 8 5 4 7 2 , 4 8 8 1 , 3 9 8 1 3 9 , 2 4 9 6 1 6 , 3 2 0
D e l a w a r e 1 0 , 3 8 9 4 4 6 , 3 1 1 4 3 8 . 2 4 6 1 . 8 4 5 7 , 6 0 0
M a y e s 1 4 , 4 7 6 3 8 1 , 5 6 4 9 4 9 . 4 4 5 , 2 5 0 . 6 4 4 2 , 2 4 0
M u s k o g e e 3 1 , 3 6 8 4 3 6 , 1 2 6 1 , 7 9 0 5 5 , 5 1 6 5 2 4 , 8 0 0
N o w a t a 1 0 , 8 4 1 3 3 6 , 2 7 9 . 3 6 5 . 8 1 2 , 2 1 4 . 2 3 5 9 , 7 0 0
O s a g e • ,  1 / 5 4 2 1 , 4 1 1 , 8 6 2 1 , 4 1 7 6 5 , 7 1 1 1 , 4 8  0 , 5 3  2
O t t a w a 1 4 , 8 6 5 2 7 3 , 9 2 9 1 , 1 7 2 . 2 . 5 , 0 7 3 , 8 2 9 5 , 0 4 0
R o g e r s 2 6 , 9 2 1 3 9 5 , 3 7 2 1 , 4 2 9 . 8 2 6 , 5 6 4 . 2 4 5 0 , 2 8 7
T u l s a . 8 , 4 7 . 6 2 7 4 , 3 0 7 8 , 2 6 5 8 5 , 5 9 2 3 7 6 , 6 4 0
W a g o n e r 1 2 , 2 2 0 3 2 1 , 1 3 4 1 1 3 . 5  • 2 6 , 8 5 2 . 5 3 6 0 , 3 2 0
W a s h i n g t o n 1 7 , 6 2 7 2 3 8 , 5 6 3 5 , 8 3 2 9 , 6 9 1 2 7 1 , 7 1 3
T o t a l s 1 9 3 , 9 8 1 6 , 2 5 6 , 6 8 3 4 3 , 4 3 1 . 7 4 7 8 , 0 5 6 . 3 6 , 9 7 2 , 1 5 8
* O k l a h o m a  C o n s e r v a t i o n  . N e e d s  I n v e n t o r y ,  U . S . D . A .
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density urban sprawl" while the smaller communities are developing in to  
more compact human settlements with abundant open space between communities.
The c ity  of Tulsa devotes more than h a lf o f i t s  developed land to 
res iden tia l use which indicates that Tulsa shares the suburban character 
o f i t s  neighboring communities. In general, commercial growth para lle ls  
res identia l development. The two principa l forms which commerical growth 
have taken are the shopping center and the s tr ip  commerical auto-oriented 
franchise. There are numerous centers oriented to serving neighboring 
populations. These decentralized centers have captured the bulk of sales 
generated by the expanding population.
In small communities, storm and sewer service has ra re ly  been ex­
tended beyond ridge lines because of the increased cost. This lim it in g  
fac to r has caused many small communities to develop as compact human 
settlements. The in a b il i ty  to provide th is  service has also severely 
handicapped the qua lity  o f development in  many cases.
Some ru ra l areas are experiencing rapid res iden tia l growth. Most of
th is  growth is  occurring along section lin e  roads where rura l water, elec­
t r i c i t y  and gas are being supplied. The normal pattern in  the ru ra l areas 
has been to subdivide the roadside land areas in to  2% to 5-acre parcels, 
a pattern tha t w i l l  maintain the current trend of low-density sprawl.
Industria l Land Use. The Middle Arkansas Basin has more industry
than any other part of Oklahoma, p rim arily  because of the extensive o i l ,  
gas, and mineral resources in the area. Tulsa County alone has about 750 
industries , and the basin includes three other heavily industria lized  
counties; Muskogee, Ottawa, and Washington. In addition, the recently 
completed McClellan-Kerr Arkansas River Navigation System is expected to 
bring even more industry to the area because of the cheaper transportation
inherent in  shipping by water compared to shipping by other means.
Manufacturing. Most in du s tria l development has been in or near 
population centers such as Tulsa, Muskogee, and B a rtle s v ille . There is 
a current trend toward the creation of rural industria l areas. To date 
two such industria l parks are being developed: the Mid-American Indus­
t r i a l  Development (MAID) south of Pryor and the Port o f Catoosa Indus­
t r ia l  Park a t Catoosa. Both developments are p a r t ia lly  constructed and 
contain some industry; however, neither location is  operating a t fu l l  
capacity. The success o f such industria l parks should stimulate more 
development along the Arkansas River.
Extractive Industry. Mineral deposits of a ll types have a potential 
e ffe c t on water q u a lity . A general description of the nature and location 
o f the various deposits found in the Middle Arkansas Basin is  given below.
(O il and Gas) Oil and gas sources located in the western h a lf of 
the basin have been under production since the turn of the century. The 
Middle Arkansas Basin boasts Oklahoma's f i r s t  commercial o i l w e ll, the 
Cudahy Oil Company 1 N e llie  Johnstone located in  B a rtle sv ille  in  the 
western part of Washington County. This w e ll, completed in A pril 1897, 
delivered 50 to 75 barrels o f o il per day when i t  began production in 1903.
During 1970 the commercial o il and gas wells in the basin produced 
6 .8  percent of the s ta te 's  petroleum output. During tha t year 21 m illio n  
barre ls of o il and 5.1 t r i l l i o n  cubic fee t of natural gas were produced.
The o il production comes mainly from the Pennsylvanian formation sand­
stones and Mississippian, Devonian/Siloriam, and Ordovician limestone. In 
recent years, exploratory d r i l l in g  to locate new reserves of o i l  and gas 
has been largely unseccessful and, unless new reserves are found, i t  is
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only a matter o f time before the presently operating fie ld s  are depleted. 
Currently, y ie lds from the approximately 300 active secondary-recovery 
projects represent more than 50 percent o f a ll production w ith in  the 
basin.
The basin's two o i l  re fine ries  are both located in Tulsa, Six petro­
chemical plants are located w ith in  the basin. (OWRB 1971, p. 134)
(Coal) Mineable coal reserves are located in the southern portion of 
the Middle Arkansas Basin. Coal beds have been noted in Pennsylvanian 
rocks, occurring in  36 d iffe re n t beds ranging from the Bloyd to the Vamoss 
formations having a thickness o f up to s ix  fee t in  some areas. In 1970, 
about 2.52 m illio n  short tons o f coal were mined in  Oklahoma, about h a lf 
o f which were produced in four s tr ip  mines in  the basin.
Peak coal production occurred in  the 1930's and coal production has 
been on the decline ever since. The most recent constra int on 
Oklahoma's coal production has been the implementation of r ig id  regulations 
on the amount of admissible surphur content in  the coal. The average 
sulphur concentration of the coal in the basin ranges from 0.7 and 5.6 
percent which does not come close to meeting the new federal standards 
o f 0.3 percent sulphur. (OWRB 1971, p. 131) U ntil recently , these stan­
dards made the development of new sulphur-stripp ing methods imperative 
i f  the s ta te 's  coal reserves were to be u tiliz e d .
Demand fo r coal to meet the needs o f the coal gas ifica tion  project 
currently  proposed fo r the basin would probably lead to great increases 
in  area mining operations.
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(Lead-Zinc) The la s t four lead and zinc mines of the Middle 
Arkansas Basin were shut down in October of 1970. Through 1969, the 
Mi ami-Richer area of northern Ottawa County featured 16 operating 
mines which produced about 605 short tons of lead ore and 2744 short 
tons o f zinc ore in that year. Total value of these ore y ie lds was 
$980,000.
A 1968 price-drop fo r  both lead and zinc plus more stringent pol­
lu tio n  control requirements led to the shut down of the Ottawa County 
mines. Although Mayes, Adair and Craig Counties have areas which would 
probably be suitable fo r zinc and lead mines, new mines are not l ik e ly  to 
be started nor old ones reopened u n til ore prices rise  or po llu tion  control, 
devices become better and less expensive.
(Other Minerals) Although the m ajority o f the Middle Arkansas Basin's 
$100 m illio n  to ta l mineral production in the year 1968 was o i l  and gas, 
several m illio n  do llars worth of other minerals were produced during that 
year. Arranged a lphabetica lly , some o f these minerals were cement, chat, 
c lay, dimension sandstone, dolomite, germanium (including cadmium and 
indium), glass sand, g ran ite , limestone, sand, arid gravel and t r ip o l i .
Cement is  produced from limestone at two locations, one near Pryor 
in Mayes County and the other in the southwestern corner of Rogers County. 
Chat, a material mainly composed of the crushed chert, limestone and 
dolomite, resulting from the mining of lead and zinc ores, was s t i l l  being 
produced by five  companies in Ottawa: County, despite the shut down of 
lead and zinc mines in the area. Chat is  used as concrete aggregate, 
ra ilroad  ba llas t and road m ateria l.
Clay, obtained from the H indsville  formation in Mayes County and the 
upper Boggy formation in Muskogee County and s la te  obtained from the
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Nowata Shale in Rogers County, are used fo r  making general clay products, 
i . e . ,  cement, b rick , t i l e ,  ligh tw eight aggregate, po tte ry, ceramaics, and 
l ig h t f ir in g  re factory products. Brick is  also produced from the Coffey- 
v i l le  and Seminole Formations, and expanding clay is  produced from the 
C o ffeyv ille  Formation. Pottery is  produced mainly from clays of the 
C o ffeyv ille  Pleistocent Terrace, H indsville  and Hartshorne Formations. 
Refractory clays have been noted in  the Hartshorne and Fayettev ille  
Formations.
Dimension sandstone is  produced from the Hale Sandstone in Mayes 
County. Dolomite has been produced from the Wildhorse Dolomite Lentol 
about twenty fe e t below the Bigheart Sandstone of the Barnesdall Formation. 
Germanium, cadmium, and indium have been recovered from residues produced 
by two of the basin's zinc mines which are now shut down. Glass is  pro­
duced mostly from glass sand mined from the Simpson group in the Arbuckle 
Mountain area; however, one deposit is  noted in  northeastern Cherokee 
County. Pleistocene r iv e r sand found in Muskogee County is  also used fo r  
glass production.
Granite (Spavinaw Granite) occurs in f iv e  outcroppings along Spavinaw 
Creek in  Mayes County, but i t  has not yet been quarried. Limestone, 
produced by fourteen companies in  1970 from the many limestone formations 
found in  the basin, is  used mainly fo r  road m ateria l, concrete aggregate, 
cement and so il conditioner.
Sand and gravel are produced from Pleistocene terrace materials and 
recent alluvium deposits by many companies throughout the basin. The 
material is  used fo r concrete aggregate in  build ing and paving and fo r  
f i l l  purposes.
T r ip o li is  weathered chert occurring in the Meramecian and other lime­
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stones. Although deposits have been noted in Cherokee, Mayes and Craig 
Counties consisting o f cherty, Osagean Limestone, i t  has been quarried 
mostly from Meramecian rocks in Ottawa County. I t  is  used in  buffing com­
pounds and in  foundary processes. (OWRB 1971, pp. 129-133)
Agricu ltura l Land Use. Agricu lture has remained an economically 
important a c t iv ity  in the Middle Arkansas Basin, in sp ite  o f the region's 
sharp increase in industry. A decrease in the number o f farms w ith in  the 
basin has been accompanied by an increase in the size o f remaining farms. 
(OWRB 1971, p. 108)
During the Oklahoma opening period at the turn o f the century, a 
large number of farmers established homesteads and engaged in subsistence 
farming. Poor conservation practices resulted in  the erosion o f over 75 
percent of the topsoil in many parts of the Middle Arkansas Basin.
(U.S. Government P rin ting  O ffice 1956) This decline in  so il p roductiv ity  
probably helped to elim inate marginal farmers and to encourage a move from 
subsistence cropping to commercial range, pasture and s ilv ic u ltu re .
As indicated in  Table 8 on page 56  ̂ approximately 18 percent o f the 
basin's ag ricu ltu ra l land is  s t i l l  devoted to crops. The land remaining 
in  cu ltiva tio n  p r in c ip a lly  supports corn, hay, sorghum, and soybeans; 
barley and oats are secondary crops of the region. Corn production has 
stead ily  decreased, hay acreages have remained fa ir ly  constant and sorghum 
and soybean production have stead ily  increased over the years from 1920 to 
the present.
In 1969 Osage and Craig ranked in  the top ten counties in the state 
in ca ttle  production, and Mayes, Muskogee and Adair ranked in the s ta te 's  
top ten producers of dairy cows. Meeting the needs o f a growing ca ttle  
industry has necessitated an increase in  the number o f acres of improved
A G R I C U L T U R A L  L M s ^ D  U S E  
TABLE 8
C o u n t y C r o p l a n d P a s t u r e R a n g e F o r e s t O t h e r T o t a l s
A d a i r 2 9 , 8 2 9 5 1 , 5 3 2 1 6 , 1 3 2 2 3 2 , 2 0 5 6 , 7 1 7 :  3 3 6 , 4 1 5
C h e r o k e e 2 7 , 5 1 4 1 0 3 , 0 1 0 1 4 , 2 8 5 2 9 5 , 8 0 2 4 , 4 4 8 4 4 5 , 0 5 9
C r a i g 1 3 3 , 4 9 2 9 4 , 2 7 9 2 1 0 , 9 7 3 2 5 , 2 8 5 4 , 5 8 3 4 6 8 , 6 1 2
C r e e k 7 4 , 3 2 5 9 0 , 7 8 7 1 7 6 , 2 1 8 2 2 1 , 9 8 8 5 , 4 8 9 3 6 8 , 8 0 7
D e l a w a r e 6 3 , 5 1 2 6 0 , 6 9 5 6 2 , 7 7 2 2 5 4 , 2 0 0 5 , 1 3 2 4 4 6 , 3 1 1
M a y e s 6 5 , 5 3 6 1 1 5 , 7 0 5 7 5 , 6 6 5 1 1 2 , 8 0 0 1 1 , 8 5 8 3 8 1 , 5 6 4
M u s k o g e e 1 4 0 , 7 6 1 1 3 6 , 5 4 7 1 0 0 , 5 0 0 5 4 , 3  6 5 3 , 9 5 3 4 3 6 , 1 2 6
N o w a t a 7 9 , 9 2 7 4 1 , 9 0 7 1 8 1 , 7 3 6 2 9 , 0 2 9 3 , 6 8 0 3 3 6 , 2 7 9
O s a g e 1 2 3 , 8 0 7 8 1 , 5 2 5 7 0 3 , 0 2 0 4 4 5 , 4 9 7 1 4 , 6 8 3 1 , 3 6 8 , 5 3 2
O t t a w a 1 0 2 , 4 4 3 6 4 , 6 8 0 2 8 , 4 0 6 7 8 , 4 0 0 5 , 5 6 3 2 7 9 , 4 9 2
R o g e r s 6 0 , 4 7 7 9 1 , 4 6 9 1 7 4 , 6 2 5 6 1 , 1 3 3 7 , 6 6 8 3 9 5 , 3 7 2
T u l s a 8 0 , 6 9 3 1 0 6 , 0 5 7 4 2 , 2 0 3 4 5 , 9 2 2 8 , 0 9 1 2 8 2 , 9 6 6
W a g o n e r 1 1 5 , 4 7 1 8 9 , 7 9 3 6 8 , 3 2 0 4 4 , 1 4 0 3 , 4 1 0 3 2 1 , 1 3 4
W a s h i n g t o n 4 5 , 6 2 5 3 6 , 3 6 6 1 3 8 , 9 4 5 2 4 , 8 9 4 5 , 8 3 2 2 5 1 , 6 6 2
T o t a l s 1 , 1 4 3 , 4 1 2 1 , 1 6 4 , 3 5 2 1 , 9 9 3 , 8 0 0 1 , 9 2 5 , 6 6 0 9 1 , 1 0 7 6 , 3 1 8 , 3 3 1  ^
c
* O k l a h o m a  C o n s e r v a t i o n  N e e d s  I n v e n t o r y ;  U . S . D , & .
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■pasture and of range or uncultivated land covered with native vege­
ta tion  suitable fo r grazing, (OWRB 1971, p. 108) As shown in Table 8
on page ■ 56, pasture and range lands occupy about one-half of the 
ag ricu ltu ra l land in the basin.
Approximately 25 percent of the s ta te 's  to ta l land use area is 
covered by fo res t land. This represents nearly 10,000,000 acres of which 
one-half is  considered commercial fo res t. (United States Department of 
Agricu lture 1970, p. 36) These commercial forests are located p r in c i­
p a lly  in 17 northeastern counties. (Oklahoma University 1972, p. 1)
As indicated by Table 8 on page 56 , about 32 percent of the a g ri­
cu ltu ra l land in the Middle Arkansas Basin is  fo re s t. Over one-half 
o f th is  area is  commercial fo re s t, and in some counties nearly a ll of 
the forested land is  commercial fo re s t. Several fo re s t areas l ie  w ith in
the region's state parks. (OWRB 1971, p. 141)
Effects on Water Quality.
The use to which a land area is  put can have a marked e ffe c t on the 
q u a lity  o f the water produced by the area. Both point and nonpoint sources 
o f po llu tion  stem from land use. Point sources associated w ith land use 
were discussed e a rlie r  in connection with present and projected trends in 
population and employment. Nonpoint sources are discussed below.
The extent to which land use affects the q u a lity  o f water produced by 
runoff in  an area has only recently been fu l ly  rea lized. Studies have re­
vealed tha t surface wash from urban land areas exh ib its  many of the same 
characteris tics as sanitary waste water. Rain water fa l l in g  on the d is ­
turbed surfaces of s tr ip  mined areas carries metals and other deleterious 
dissolved and suspended substances in to  surface waters. Runoff from a g ri­
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cu ltu ra l and grazing areas may contain large amounts of sediment, organics, 
nu trien ts and pesticides. Even areas re la tiv e ly  undisturbed by Man's 
a c t iv it ie s  have been found to contribute in some manner to water po llu tion .
Urban Land Use. Urban land areas, which include re s id e n tia l, commer­
c ia l and industria l tra c ts , are usually engineered to drain as quickly as 
possible a fte r periods of r a in fa l l .  Flowing rapid ly  across land surfaces, 
paved areas and through drainage systems, th is  water has been found by sev­
eral investigators to carry a s ig n ifica n t load of pollutants (Dawdy 1967; 
Guy and Ferguson 1962; Geodreich 1967; Weibel etal 1964; Bullard 1966;
APWA 1969; Cleveland etal 1969; Bryan 1970; Peavy 1970) This runoff 
contains large quantities of sediment, p a rticu la r ly  during the construc­
tion  phase of urbanization. Organics such as grass and vegetative c l ip ­
pings, paper and other biodegradable substances fin d  th e ir  way in to  the 
drainage system in substantial quantities . Nutrients from lawn c u ltiv a ­
tio n  have also been found in  s ig n ifica n t quantities in  urban storm runo ff. 
Bacteria and tox ic  substances have also been reported.
Urban land areas constitu te less than 5 percent of the to ta l land 
area o f the Middle Arkansas Basin, most o f i t  being concentrated in  the 
Tulsa and Muskogee areas. No data is  available to indicate the instream 
effects o f runoff from these areas. While a large volume of po llu tion  may 
be carried from the urban area by storm runoff, in most instances i t  is 
quite probable that th is  waste is  d ilu ted by the large volume o f flood 
flow from the urban and surrounding rural areas. The area of most concern 
would be instances where urban runoff is  contained by a re la tiv e ly  small 
reservo ir downstream.
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Industria l Land Use. The problems associated w ith point source 
po llu tion  from both manufacturing and extractive industries have been 
discussed previously. Nonpoint source po llu tion  is  also presenting 
d i f f ic u l t ie s ,  especia lly in the areas of o il f ie ld  production (brines), 
coal mining (su lfa tes-ac ids), and lead-zinc mining (heavy metal to x i­
cants). These problems are discussed below.
Oil Field P o llu tion . The brines associated w ith o il-w e ll operation 
probably make a s ig n ifica n t contribution to  the to ta l dissolved solids 
(TDS) occurring in certa in  streams, p a rticu la rly  in Segment 1-D of Basin 
One. For example, as a probable re su lt o f o il f ie ld  brines, the low flows 
of Hominy Creek, lower Caney River, lower Bird Creek, lower Verdigris as 
well as some smaller tr ib u ta r ie s  such as Delaware, Coon, and C a liforn ia  
Creeks are too highly mineralized to be suitable fo r  most municipal and 
indus tria l uses.
The Water Quality Evaluation Section of th is  paper discusses both 
h is to rica l and recent sampling data fo r the basin. Tables B l, 82, and B3 
o f Appendix B show h is to ric a l and recent instream values o f selected qual­
i t y  parameters fo r  some of these streams.
The to ta l dissolved solids in the Arkansas River a t Sand Springs is  
s lig h t ly  higher than the value of 1000 mg/1  lis te d  as the maximum permitted 
USPHS Drinking Water Standards of 1962. However, i t  is  not possible to 
determine how much of th is  concentration comes from o il  f ie ld  brines because 
o f the high natural mineral content in the Arkansas River and its  tr ib u ta rie s  
(Cimarron and Salt Fork) upstream of the basin.
Coal Mine and Coal Field Drainage. Pollution from mining operations 
may occur when the earth 's crust is  disturbed to gain access to minerals held
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w ith in . Water qua lity  deteriorates when water is  contaminated with soluble 
products generated from mining wastes. In some cases the q u a lity  is  also 
affected because natural drainage patterns fo r surface and subsurface 
waters are altered. Water from abandoned coal p its  may be a source of 
local groundwater contamination. (United States Geological Survey 1971a)
A recent EPA document (EPA 1973a) pertaining to the pollu tants gen­
erated by mining operations notes tha t:
The most serious po llu tan t a ris ing  from mining a c t iv it ie s  
is  the mine drainage generated by oxidation o f p y r it ic  materials 
with a ir  in the presence of water; th is  drainage is  an acid ic 
mixture of iron sa lts , other sa lts  and s u lfu r ic  acid. Mine 
drainage arises from both underground and surface mining sources 
and from coal and many metal mining operations. Coal deposits 
and so-called hard rock mineral deposits are commonly associated 
w ith py rite  and marcasite, which are d isu lfides  o f iron . Acid 
mine drainage can find  i ts  way in to  surface waters, where the 
acid and su lfa te  may re su lt in  severe deterio ra tion  in stream 
q u a lity . The acid can react w ith clays to y ie ld  alluminum con­
centrations s u ffic ie n t fo r f is h  k i l l s ,  and with limestone to 
y ie ld  very hard waters expensive to soften. The acid can also 
se lec tive ly  extract heavy metals present in  trace quantities 
in mineral and so il formations, resu lting  in tox ic  conditions 
in lakes and streams.
Mining a c t iv it ie s  have a pronounced e ffe c t on groundwater 
supplies. The various operations used to mine the mineral de­
posits can re su lt in  a lte ra tio n  of groundwater d is tr ib u tio n  pat­
terns. Aquifers containing good water can become contaminated 
because some mining may d isturb  bedrock formations, which permit 
mixing o f contaminated water w ith good.
An estimate of the to ta l land area in Oklahoma that has been d is ­
turbed by s tr ip  and surface mining fo r coal as of 1965 was 23,500 acres.
As o f 1968, there were 251 abandoned coal mines and 283 abandoned metal 
mines. (EPA 1973a, p. 171) A breakdown of the location of the land areas 
or the number of abandoned mines on a county basis is  not availab le. 
However, considering the location of Oklahoma's coal f ie ld s ,  a s ig n ifica n t 
portion of the disturbed land area and abandoned mines must l ie  w ith the 
Middle Arkansas Basin.
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In 1970, about 2.52 m illio n  short tons of coal were mined in Oklahoma,
about h a lf of which were produced by four operators operating s tr ip  mines
in  the Middle Arkansas Basin. These four companies were:
1) Briarton Coal Company of S tig le r stripp ing coal in
Section 35-1DN-19E, Muskogee County
2) B i l l 's  Coal Company of Welch, stripp ing coal in 
Section 14-28N-20E, Craig County
3) NiNabb Coal Company of Catoosa, stripp ing  coal in 
Section 23-21N-15E, Rogers County
4) Peabody Coal Company of St. Louis, Mo., s tripp ing  coal in 
Section 31-26N-18E, Craig County and in  Section 16-23N-17E,
Roger County
(OWRB 1971, pp. 129-130)
In these counties the h igh-sulfa te content of the groundwater is  
l ik e ly  caused by i t s  contact w ith s tr ip  mining areas, both active and 
abandoned. As shown in  Table B3, Appendix B, certa in streams having high 
TDS content, notably Cloud Creek and Broken Arrow Creek in Segment 1-A 
(407 and 635 mg/1 respective ly), also have high values of dissolved 
sulfates (199 and 290 mg/1 respective ly). The su lfa te  content measured in 
Broken Arrow Creek is  above the maximum permitted value o f 250 mg/1, lis te d  
in  the USPHS Drinking Water Standards of 1962.
Referring again to Table B3 of Appendix B, several observations can be 
made concerning the a c id ity  aspect of mine drainage. The two streams men­
tioned above Cloud Creek and Broken Arrow Creek have measured pH values that 
l ie  w ith in  the allowable range of 6.5 to 8.5 as specified in  the Oklahoma 
Water Quality Standards of 1973. (Appendix A) I t  is  noted, however, tha t 
several streams in Segment 1-C have measured pH values that are at or below 
the recommended minimum value of 6.5. These include Spring Creek (6 .2 ),
Big Cabin Creek (5 .9 ), Pryor Creek (6 .2 ), and Chouteau Creek (6.5). Also 
in Segment 1-D, Sand Creek (6.3) and in Segment 1-A, D irty  Creek (6.5) have
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measured pH values tha t are marginal.
The fac t that fo r  the streams lis te d  in Table 83 only one sample 
was taken and tha t one was taken during the period of February through 
March, 1973, raises some question as to  whether or not these re la tive  
values are representative of the true average stream values, p a rticu la r ly  
due to the d ilu tio n  e ffe c t of the abnormally high p rec ip ita tion  (10 
inces above normal) occurring during the year the measurements were 
taken.
Conversely, i f  a measurement is  made in a certa in  stream in to  which 
a sudden, large runo ff occurs in  an area of waste py rite  rock p iles from 
a s tr ip  mine, the leachate would lik e ly  contain high concentrations of 
iron sa lts  and su lfu ric  acid. These compounds remain in  the waste area 
between periods of excessive p rec ip ita tion  and runoff and constitu te a 
"chemical factory" which can pe riod ica lly  pollu te streams. (EPA 1973a, 
p. 171)
As these two examples ind icate , more extensive sampling would be 
desirable, though such sampling may not be possible with present resources.
Lead-Zinc Mine Drainage. The th ird  grouping of po llu tan ts , the heavy 
metal toxicants, assumes importance because of recent investigations that 
show certa in synergistic as well as cummulative effects on aquatic l i f e .  
Although most of the pollutants containing heavy metal toxicants are con­
sidered to be of industria l o rig in  and in the form of point sources, in  
the areas where lead and zinc are mined, the ores and waste p iles usually 
contain coumpounds that are soluble to some degree in water and as such 
constitu te nonpoint sources.
The sixteen lead-zinc mines operative in the Miami-Picher area of the 
northeast section of the basin p rio r to  1969 have a ll been shut down as
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of 1970. The high cost of po llu tion  controls as well as the low price 
of lead and zinc were given as reasons. (OWRB 1971, p. 132) While i t  
is  not possible to establish with certa in ty  whether the re la tiv e ly  high 
concentrations of lead (Pb) and zinc (Zn) given in Table 82 fo r  Spring 
Creek near Quapaw are due to mine drainage, i t  is  noted that the values 
given (Pb = 0.37 mg/1 and Zn = 0.43 mg/1) are s ig n if ic a n tly  high. How­
ever, Table 82 also indicates tha t s im ila r concentration levels of these 
two metals are found in every main stream reported in  Segment 1-B, 1-C, 
and 1-D in  the basin. I t  is  possible that the marginal s e n s it iv ity  of 
the measuring techniques used is  responsible fo r the high concentrations 
reported fo r  these metals. In any event, additional measurements using 
more sensitive measuring techniques, should be made fo r a ll possible metal 
toxicants to aid in determining whether mine drainage is  a possible 
source of heavy metal toxicants as well as the more established source 
of sulfates and acids.
A gricu ltu ra l Land Use. The trends in  modern agricu lture  is  toward the 
ever-increasing use of fe r t i l iz e r s ,  pesticides, ir r ig a t io n  systems and 
confined animal feedlots. The resu lting  po llu tiona l load from ag ricu ltu ra l 
discharges and runoff include sediment, sa lts , nu trien ts , pesticides, 
organics, and pathogens.
I t  has been estimated tha t as much as 50 percent of the to ta l sediment 
in  inland waterways is  the resu lt of erosion from agricu ltu ra l croplands. 
(EPA 1973b) In addition, so ils  eroded from pasture, range and fo res t lands 
also contribute sediment to the streams. Forest areas where recent timber 
harvest has occurred is  a prime source of sediment.
Nutrients from agricu ltu ra l land may consist of organics from animal 
waste or grain processing and from chemical fe r t i l iz e rs  added to crop or
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pasture lands. There is  evidence tha t runoff o f chemical fe r t i l iz e rs ,  
p a rticu la r ly  a fte r a heavy rainstorm, can be s ig n ifica n t. I t  is estimated 
tha t approximately 60 percent of nitrogen applied as fe r t i l iz e r  is used by 
plants. The fa te  of the remaining 40 percent is  not completely known.
Given an excess o f water th is  nitrogen may be leached in to  groundwater or 
in  runoff to  surface streams. (EPA 1971b, p. 10)
The bosphorus content o f chemical fe r t i l iz e rs  not used by plants becomes 
adsorbed to so il pa rtic les  and are not easily leached by water. This nu­
tr ie n t  may s t i l l  find  i ts  way in to  surface waters i f  the p a rtic le  to which 
i t  is  adsorbed is  eroded. While the amount o f phosphorus in  true solution 
in  ag ricu ltu ra l runo ff may be small, the to ta l amount of the element entering 
the surface water attached to sediment may be quite s ig n ific a n t. (EPA 1971b, 
p. 13)
Approximately 70 percent of the pesticides manufactured are in ag ri­
cu ltu re . These substances may enter the surface waters by m issapplication, 
runo ff from sprayed areas or attached to eroded so il p a rtic les . These 
toxicants degrade very slowly and many are cummulative in the food chain.
Organic waste from ag ricu ltu ra l areas include vegetative matter and 
animal wastes. Confined feeding operations are probably the most s ig n if i ­
cant sources of organic po llu tion  from rura l areas. Waste from these areas 
are read ily  biodegradable and usually exert a high in i t ia l  oxygen demand 
due to a high ammonia content.
As shown in Table 7 on page 49 , approximately 90 percent of the 
Middle Arkansas Basin is  composed of ag ricu ltu ra l lands. Table 8 on page 56 
shows that approximately one^sixth of these ag ricu ltu ra l lands are crop lands 
while another one-sixth is  cu ltiva ted  pasture lands. This area is  s u ff ic ie n tly  
large to be a s ig n ifica n t fac to r in  sediment production. Heavy sediment loads
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ogenic problems from feedlots in the basin do not appear to be s ig n if i ­
cant.
At the present, s u ffic ie n t data does not ex is t to evaluate the exis­
tence or extent of pesticide problems in the Middle Arkansas Basin.
Water Use
The Middle Arkansas Basin uses both ground and surface water supplies 
to meet a g ric u ltu ra l, municipal, in d u s tr ia l, and recreational needs of its  
population. The follow ing pages discuss the basin various uses of water and 
the probable e ffe c t o f each use on water q u a lity .
Description
Current and projected water use in the counties o f the basin has been 
tabluated by the Oklahoma Water Resources Board. This data which appears 
as Tables 9 and 10 pages 67 and 68 of th is  report, shows tha t three 
major categories; ag ricu ltu re , municipal, and in d u s tr ia l, account fo r over 
99 percent o f to ta l water use in the basin.
A gricu ltu ra l
In s lig h t ly  less than five  percent of the basin's water use was a g ri­
cu ltu ra l or ir r ig a tio n a l in nature. A gricu ltu ra l water use ranged from 
ten or less acre-feet/year in  Craig and/.Nowata Counties to over 2,000 acre- 
feet/year in Tulsa and Osage Counties. These two counties use a great deal 
of groundwater fo r ir r ig a t io n  because surface water fo r  ir r ig a tio n  is  d e fi­
c ien t in quantity and q u a lity . (OWRB 1971, p. 107)
Municipal
Thirty-seven percent o f the basin's water use is  a ttribu ted  to muni­
cipal demands. Tulsa County, the basin's largest population center, is  the
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A d a i r 1 1 5 2 1 3 2 7 2 7 1 0 . 0 1 2 8 2 0 0 0 0 3 2 8 5 5 1 3 .
C h e r o k e e 0 9 4 8 0 1 5 7 0 0 0 0 2 4 7 0 5 0 2 7 7 0
C r a i g 0 1 0 4 1 1 2 4 7 0 0 0 3 0 0 4 1 1 2 6 0
C r e e k 7 7 0 0 3 1 1 4 2 1 2 2 5 8 0 0 0 0 2 1 9 3 4 4 2
D e l a w a r e 2 1 4 9 7 1 0 1 9 0 0 6 0 6 5 0 0 7 2 1 5 8 1
M a v e e 6 5 6 5 0 2 7 7 6 0 1 1 1 0 0 0 2 2 0 0 6 5 1 3  9 6 3
M u s k o g e e 4 9 1 1 3 4 5 2 6 6 0 7 1 9 . 1 4 4 1 0 8 0 0 0 0 5 2 6 1 5 1 5 2 4
N o w a t a 0 0 0 6 3 0 0 5 4 7 0 0 0 3 8 0 1 2 1 5
O s a g e 1 6 6 4 5 5 7 5 6 1 7 3 5 2 4 3 4 7 5 0 7 2 6 1 0 2 4 3 6 5 9 8 8 6 6 0
O t t a w a 0 4 6 8 3 8 7 8 0 2 7 6 0 7 7 0 0 0 4 2 3 1 4 6 8
R o g e r s 0 2 2 5 0 2 9 3 0 0 6 8 5 6 0 4 2 6 0 0 0 1 0 4 3 7
T u l s a 1 8 1 7 2 8 9 0 7 0 5 0 9 1 4 5 9 4 4 6 3 9 5 7 0 0 3 3 7 1 7 5 2 0 8
W a g o n e r 0 1 0 9 4 0 2 6 8 9 0 0 0 5 0 0 0 3 7 8 8
W a s h i n g t o n 0 1 4 4 6 0 5 1 3 7 0 2 4 0 0 0 0 0 6 6 0 7 .
T o t a l s 4 0 4 7 9 5 3 5 4 8 4 3 1 0 6 7 5 4 6 3 0 3 1 6 9 0 8 . 5 2 5 8 7 7 6 0 2 8 6 1 5 4 5 1 2 8 6 4 3 6
..  j












M u n i c i p a l
D o m e s t i c
Ul U) o 00 00 ro to
o VD on o on 00 on 00
to
o o m OD o on o I n d u s t r y
o CO o VO o on 00 toCT\
wtD
o
o lO o o o o o
I r r i g a t i o n00 o to o o o 00
to to
to CO to CO
T o t a l
0000 o o 00 ov
ovLn w M u n i c i p a l
D o m e s t i c
u> LO N ) w
KO w M w a\ o 03
w CO
CO o o o




ono o 00 o o o on to
I r r i g a t i o n







T o t a lVO 00 o ov 00 LO ro
COo\ M u n i c i p a l
D o m e s t i c
tn cn w to œ LO
LO LO O 00 CO
o to to 00 o ov o 00
I n d u s t r yCO to w LO O LO
LO LO O VO O c\ to I r r i g a t i o n






oVO LO LO CO




























heaviest user of water fo r municipal needs. Tulsa's municipal supply 
comes from two lakes on Spavinaw Creek and from Lake Hudson on the 
Grand Neosho.
Surface waters provide the chief source of municipal water fo r a ll 
counties w ith in  the basin except Ottawa, since these counties have insuf­
f ic ie n t  supplies of groundwater suitable fo r domestic use. A l i s t  o f 
municipal water supply lakes fo r  the basin appears in Table 3, page 35 
of an e a rlie r section of th is  report.
Industria l
Industria l accounts fo r  about 58 percent of the basin's water use 
each year. Muskogee County has the highest amount of industria l water 
usage in the basin, probably due to the large amount of heavy manufac­
turing located on the Arkansas River in and near the c ity  of Muskogee. 
Mayes County is  increasing in industria l water use due in large part 
to the Pryor Industria l Park. Industria l water use is  expected to rise  
in Tulsa, Mayes, Rogers, and Muskogee Counties as a re su lt of predicted 
indus tria l growth.
The industria l water supply needs of a ll but f ive  counties in the 
basin are met almost e n tire ly  by surface water sources. For example, 
Muskogee draws heavily on Lake Fort Gibson on the Neosho River (Duncan 
1968, p. 99) and B a rtle sv ille  in  Washington County uses water from Lake 
Hudson on Butler Creek and Hulah Reservoir on Caney River (Duncan 1968, 
p. 95)
Effects on Water Quality
Most of the use described above is  non-consumptive, allowing water to 
be returned to the basin's streams and made available fo r  reuse. However,
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many of the uses w ith in  the three major water-use categories described 
above may have s ig n ifica n t e ffects on water q u a lity , often these effects 
are serious enough to prevent untreated reuse of the water or to render i t  
aes the tica lly  displeasing. The effects which various uses have on water 
q ua lity  are discussed below.
A gricu ltu ra l
As noted in  an e a rlie r  section, runoff from agricu ltu ra l lands can 
pose serious problems in  disperse p o llu tion . Just as runoff from ra in fa ll 
can carry high sediment, nu trien t, and pesticide loads in to  receiving 
streams, so might runoff from ir r ig a t io n  carry these. While the sediment 
bearing potentia l of ir r ig a t io n  runoff might be neg lig ib le , i t s  a b il i ty  
to  leach out nutrients and toxicants is great enough to be cause fo r con­
cern. For example, according to an FWPCA study, fe r t i l iz e r s ,  insectic ides, 
and herbicides were factors in fis h  k i l ls  across the nation from 1964-1967. 
(Todd 1970, p. 335) Other aspects o f ag ricu ltu ra l water use should also 
be considered. For example, manure-silage drainage was also a s ig n ifica n t 
fac to r in nationwide fis h  k i l ls  from 1964 to 1967 (Todd 1970, p. 335)
Municipal
Approximately forty-one percent of the water used in  an average 
American home is  used to flush away wastes and an additional f if ty -o n e  
percent is  used fo r  bathing, washing and other cleaning purposes (Todd 1970, 
p. 243) Thus ninety-two percent of the water supply tha t enters a home in 
potable state leaves in a state that is  u n f it  fo r  human consumption, but 
is  also u n f it  fo r discharge in to  streams already carrying maximum desirable 
waste loads.
B iological contaminants (from human waste), nutrients (from detergents.
71
soaps, and other cleansers), toxicants (from drain cleaners and in se c ti­
cides) and other po llutants are added to water during its  journey through 
the average home. Thus, while a large percentage of municipal water is 
recoverable, q u a lity  of the recovered water has been so greatly reduced 
tha t treatment of varying degrees is  necessary before such water is  ready 
fo r  reuse.
Industria l
As noted e a r lie r , industry accounts fo r the largest percentage of 
water use in the Middle Arkansas Basin. Both manufacturing and extractive 
industries w ith in  the basin tend to require large amounts of water; the 
extent to which the q ua lity  o f tha t water deteriorates with use depends 
on the nature of the industria l processes in which i t  is  involved.
Raw Water supplies fo r  cooling purposes may often be of lesser qua lity  
than tha t put to other indus tria l purposes. For example, while Keystone 
Reservoir on the Arkansas does not impound water suitable fo r municipal 
use by the c ity  of Tulsa, i t  does y ie ld  water acceptable fo r  the c ity 's  
ind u s tria l cooling (Dover 1968, p. 91) Such water generally can be re­
turned to i ts  source w ith only s lig h t ly  altered qua lity .
Potable water is  sometimes required in  actual processing of a manu­
facturing  or extractive nature. The qua lity  of th is  water is  often s ig n i­
f ic a n t ly  lowered as a re su lt of i ts  use in such processes.
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I I I .  WATER QUALITY EVALUATION 
Water Quality Standards
Water Quality Standards fo r  the State of Oklahoma were revised by 
the Oklahoma Water Resources Board and, a fte r a public hearing, were 
adopted by the Board on September 11, 1974. These standards set fo rth  
the designated use of each stream and state specific  c r ite r ia  fo r  in - 
stream water q u a lity . A copy o f the Water Quality Standards is  included 
as Appendix A o f th is  paper. Appendix A and B referenced in  the Stan­
dards are omitted but are summarized in Table A1 and A2 in Appendix A.
The summary of water qua lity  c r ite r ia  presented in  Table A2 in ­
cludes those parameters which vary from stream to stream and fo r  which 
sp ec ific  values e x is t. In cases where h is to rica l records o f mineral 
q u a lity  do not e x is t fo r tr ib u ta r ie s , the values fo r  the receiving 
stream of the next higher order should be used.
Parameters fo r  which numerical lim its  are not established or which 
do not vary from stream to stream are covered in the narrative o f the 
standards and are not included in  Table A2. These include o i l  and 
grease, suspended so lids , color producing substances, taste and odor 
producing substances, pH, species d ive rs ity  index, nu trien ts , and 
tox ic  substances. The lim its  fo r  the f i r s t  s ix  of these parameters
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are fa ir ly  well established by the Water Quality Standards as minimum 
values or a range o f values and w il l  not be allocated in th is  plan.
The la s t two parameters w il l  have to be examined more closely, 
however. The standards fo r nutrients read as fo llows:
The to ta l phosphorous concentration and Nitrogen/
Phosphorous ra tio  shall be lim ited  to prevent eutrophication 
problems. I f  su ffic ie n t nu trien t data becomes available 
specific  numerical lim its  w ill be included in the water 
qua lity  standards revision scheduled fo r  October 18, 1975.
I t  is  reasonable to assume that some re s tr ic tio n  should be placed
on the discharge o f nutrients to the surface water. However, exact con­
centrations which w il l  cause problems under varying stream conditions in 
Oklahoma are not known. Since the Middle Arkansas Basin does not have 
a known problem o f extensive eutrophication, a lloca tion  o f nutrients 
w i l l  be made on the basis o f present discharge quantities. A net in ­
crease in  nutrients should not be allowed unless such an increase can
be shown to be harmless to the aquatic environment.
Toxic substances constitute another group o f parameters which must 
be given special a tten tion . The standards specify tha t tox ic  substances 
should not be discharged in quantities which would cause the waters to 
be tox ic  to aquatic l i f e  or to be detrimental to designated beneficia l 
uses. The potential harm from tox ic  substances is  so great tha t the 
discharge of these materials should be sp e c ifica lly  addressed in a water 
qua lity  management plan. An a llocation o f tox ic  substances is ,  there­
fo re , necessary.
I f  an a llocation o f toxic substances is to be made, the maximum 
allowable levels must be determined. Although much work has been done
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in  the area of tox ic  lim its  of various elements, a universally accepted 
standard apparently does not e x is t. A survey of the states surrounding 
Oklahoma revealed that a wide range o f values are being used fo r  tox ic  
parameters. A review of the lite ra tu re  also reveals a wide descrepancy 
in  maximum values. A recent study (National Academy o f Engineering 1972) 
completed by the National Academy o f Science appears to be the most com­
prehensive study to date. This study was commissioned by the U.S. Envir­
onmental Protection Agency and the results adopted by ERA as th e ir  o f f ic ia l 
tox ic  standards.(EPA 1973c) In view o f the restra in ts  mentioned in  the 
introduction that plans be compatible w ith state and federal requirements, 
i t  is  recommended tha t these values be used in the planning e ffo r t .
Table 11 on the following page shows recommended maximum values fo r 
a selected l i s t  o f toxicants. The f i r s t  column l is ts  the maximum value fo r 
water used fo r ir r ig a tio n  or livestock watering while the second column 
contains the maximum values alowable in  waters used fo r  raw water supplies 
or fo r  support of fresh water aquatic l i f e  and recreation.
Existing Quality
Water qua lity  in  the Middle Arkansas Basin varies from stream to stream 
and also in time fo r each stream. While natural mineral deposits upstream 
from the basin have a s ig n ifica n t e ffe c t on stream q u a lity , the major fac­
tors w ith in  the basin which a ffe c t instream qu a lity  appear to be natural 
low flow volumes coupled with waste discharges.
TABLE n
MAXIMUM PERMISSIBLE CONCENTRATIONS OF 
SELECTED MATERIALS IN OKLAHOMA WATERS
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*Includes return flow streams, mixing zones, and special 
mixing zones as defined by the Water Quality Standards, 
aKnown Synergistic e ffects
bHard Water is  defined as having a " to ta l hardness" o f 
greater than lOOmg/1 CaCOg 
^Cumulative
"Found as compounds in  nature
From: United States Environmental Protection Agency, Proposed
Water Quality C r ite r ia , Washington, D.C. 1973c.
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The United States Geological Survey and the Oklahoma Water Re­
sources Board cooperate in operating water qua lity  monitoring stations 
on several o f the main streams in  Oklahoma. The location o f these 
stations are shown on the map on page 7/7* Data from these stations 
is  available in computer p rin t-ou t form and has been summarized fo r 
sta tions on the I l l in o is ,  Grand -  Neosho, Verd igris, and Arkansas Rivers, 
and on some o f the major tr ib u ta rie s  to these streams. These summaries 
are presented in the segment analysis o f water q u a lity  which follows in 
th is  section o f the plan.
In addition to th is  h is to rica l data, a monitoring program was 
in it ia te d  to obtain recent in-stream water qua lity  data. Data was co l­
lected from the main stream stations by the Oklahoma Water Resources 
Board and from the tr ib u ta ry  streams by the Oklahoma State Department 
o f Health. Tributary sampling stations are also shown on the map re f­
erenced above. Main stream data is  an average o f s ix  monthly samples 
taken during the period of February through July o f 1973. Tributary 
data is  obtained from a single sample taken at some time during the 
period of February through March o f 1973. This data is  presented in 
a subsequent part o f th is  section.
I t  should be noted tha t the p rec ip ita tio n  record fo r  Oklahoma over 
the past year was approximately ten inches above normal. Therefore, the 
values obtained by the monitoring program are recordings o f in-stream 
concentrations fo r  flows that are s ig n if ic a n tly  greater than normal.
This fac t becomes very important when considering the deleterious 
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the available water qua lity  data is  given in Appendix B and an analysis 
o f th is  data is made by segments on the following pages.
Segment 1-B
H is to r ic a lly , water qua lity  in  the I l l in o is  River and its  tr ib u ­
ta ries has been exceptionally good. As shown in Table A1, a ll streams 
in Segment 1-B have been designated fo r use as public and private water 
supplies, primary body contact recreation and small mouth bass streams. 
In addition, the lower part o f the r iv e r is  designated as a tro u t 
fishery.
H is to rica l data on the main stem o f the I l l in o is  is  shown in  Table 
B1 in Appendix B. Monitoring program data obtained by the Oklahoma 
Water Resources Board and the Oklahoma State Health Department is  shown 
in  Table B2 and B3 o f Appendix B. A comparison o f the in-stream water 
q ua lity  as shown in these tables with the qua lity  c r ite r ia  in  Tables A1 
and A2, Appendix A, indicates tha t the qua lity  o f water in Segment 1-B 
is  be tte r than required by the standards, with the possible exception 
o f the toxicants cadmium, chromium, copper, and lead. I t  should be 
noted, however, that values in  Table A2 fo r these parameters are lis te d  
as a less-than value, ind icating tha t the s e n s it iv ity  o f the tes t was 
such that lesser concentrations could not be measured. Discharge in ­
ventories fo r  Segment 1-B show no discharges o f these metals. Corre­
spondence with o f f ic ia ls  in Arkansas indicates no s ig n ifica n t discharges 
in to  the I l l in o is  occur in that state e ithe r. The monitoring program
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carried out by the Arkansas Department of Pollution Control and Ecology 
indicates tha t no problem exists v/ith these toxicants in  the I l l in o is . *  
Since some question exists concerning these metals, i t  would be ad­
visable to  analyze additional samples from the I l l in o is  using more 
sensitive te s t procedures.
Segment 1-C
H is to r ic a lly , the surface water qua lity  in River Basin 1-C has been 
good to excellent. Five impoundments have been constructed w ith in  the 
basin which probably assist in  maintaining qua lity . The f i r s t  impound­
ment, Spavinaw Lake, was completed in  1924 by damming Spavinaw Creek.
The primary function o f Spavinaw Lake is  its  usage as a source o f raw 
water by the c ity  o f Tulsa. In 1952, Eucha Lake was created on Spavinaw 
Creek about three miles above Spavinaw Lake. The primary function o f 
Eucha Lake is  to augment the municipal water storage requirements fo r  
the c ity  o f Tulsa. The corresponding beneficia l use designation fo r 
Spavinaw Creek including Spavinaw Lake and Eucha Lake is  given in  
Table A1, Appendix A.
Surface water developments on the main stream o f the Grand Neosho 
River, from i t s  confluence with the Arkansas River to the Kansas state 
lin e , include Fort Gibson Lake, Lake Hudson, and Lake O' the Cherokees 
(Grand Lake). A ll three lakes serve as multipurpose reservoirs and 
share the same beneficia l use designation, given in  Table A1.
*Telephone conversation with Everett Perrien, Chief Planner, 
Arkansas Department o f Po llu tion Control and Ecology, 
November 30, 1973.
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Nearly a ll the tr ib u ta rie s  tha t flow in to  the Grand Neosho River 
have been designated as sources o f public and private water supplies.
The only two exceptions are Lost Creek and Tar Creek which have been 
designated as return flow streams.
H is to rica l and monitoring program data on in-stream qua lity  cond­
itio n s  in Segment 1-C are shown in  Tables B1, B2, and B3 in Appendix B. 
An evaluation o f the surface water q u a lity  in  Basin Segment 1-C can be 
made by comparing these tables to the standards c r ite r ia  in Table A2 
in  Appendix A. Generally, the water q u a lity  of Basin Segment 1-C is  
be tte r than the proposed standards. The problem of the s e n s it iv ity  o f 
the te s t fo r  metals is  again noted. When time and resources permit, 
better information should be obtained.
Segment 1-D
The Verdigris River originates in Kansas and receives about h a lf 
i t s  to ta l flow from that state. The q u a lity  o f th is  water is  good; 
the to ta l mineral concentration is  usually less than 500 ppm. The c ity  
o f C o ffe yv ille , Kansas, ju s t across the state lin e , obtains i t s  munici­
pal supply from th is  stream. The Verdigris also is  the source of mun­
ic ip a l supply fo r Nowata and fo r smaller towns a few miles downstream 
in  Oklahoma.
In general, water o f s u ff ic ie n t ly  good qua lity  fo r  municipal, 
ir r ig a t io n  and many industria l uses can be found in  sub-segment 1- 0 (1) 
which encompasses the Caney River and Hulah Reservoir, upper Bird Creek,
81
the main stem o f the Verdigris above Bird Creek, and some smaller t r ib ­
utary streams such as Dog, Candy and Sand Creeks. The low flows o f 
Hominy Creek, lower Caney River, lower Bird Creek, lower Verdigris 
River and some smaller tr ib u ta rie s  such as Delaware, Coon, and C ali­
forn ia  Creeks are too highly mineralized as a resu lt o f po llu tion  from 
o il f ie ld  a c t iv it ie s  to be suitable fo r  municipal and most industria l 
uses.
The Caney River, which jo ins the Verdigris River near Claremore, 
has i ts  headwaters across the Kansas border. I ts  flow is  impounded in 
Hulah Reservoir ju s t inside Oklahoma. This reservoir has flood-control 
storage o f 259,000 acre-feet, and o f the 35,000 acre-feet in the con­
servation pool, B a rtle s v ille  has been allocated 15,400 acre-feet o f 
storage fo r  municipal use. This water supplements B a rtle s v ille 's  
primary source o f supply from Lake Hudson on Butler Creek. Farther 
downstream, C o llin s v ille  withdraws its  municipal water d ire c tly  from 
the Caney River. Water at th is  point on the r iv e r  is  not e n tire ly  sat­
is fac to ry  fo r  drinking purposes because o f o il f ie ld  po llu tion  upstream.
Oil f ie ld  po llu tion  in  the lower Bird Creek Basin lim its  the use 
o f th is  water, and most o f the towns in the area are served by the 
Tulsa municipal system. Water qua lity  o f the natural run-o ff in un­
developed areas o f th is  Basin is  exce llent, and upstream from the 
source o f po llu tion  the creek serves as the municipal supply fo r 
Pawhuska and several small towns.
The Verdigris River from its  confluence with the Arkansas River to 
the Kansas state lin e  including the Oologah Reservoir has been designated
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fo r use as a source ro r puonc ana priva te  water supplies. A l l  i t s  
tr ib u ta rie s  share th is  beneficia l usage designation with two excep­
tio ns , Birch Creek and an unnamed tr ib u ta ry  from the c ity  o f Delaware, 
which have been designated as return flow streams.
The h is to rica l water q ua lity  data fo r Basin Segment 1-D lis te d  in 
Table B1 in  Appendix B shows tha t the qua lity  of water in the Verdigris 
is  sa tis fac to ry  w ith respect to a ll parameters except the metals, fo r 
which no data ex is ts . Recent monitoring data in Tables B2 and B3 bear 
th is  out. Recent data on the Verdigris and mainstem tr ib u ta r ie s  re fle c t 
the problems with instrument s e n s it iv ity .
Segment 1-A
Segment 1-A includes the Arkansas River and i ts  tr ib u ta r ie s , be­
ginning ju s t above the confluence o f the Canadian River with the 
Arkansas and continuing upstream to the Keystone Reservoir damsite. The 
flow o f the Arkansas River has been regulated by Keystone Reservoir 
since September, 1964.
The q u a lity  o f the water in  the Arkansas as i t  enters Oklahoma is  
rather poor, w ith high concentrations o f calcium and magnesium sulfa te 
and sodium chloride.
Prior to the completion o f Keystone Reservoir, maximum chloride con­
centrations exceeding 5,000 ppm had been observed in the Arkansas River 
at Tulsa. With the completion o f the dam, the chloride concentrations 
o f released water varies in s ig n if ic a n tly  from 600 ppm. Below the
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damsite, the Arkansas River is  d ilu ted by its  trib u ta ry  in flow , the 
I l l in o is ,  Grand Neosho, and Verdigris Rivers, u n til the chloride con­
centration at Webber's Falls is  less than 100 ppm.
The beneficia l use designation fo r the reach of the Arkansas River 
from the mouth of the Verdigris Rivers to the Keystone Dam is shown in 
Table A l. The reason fo r i ts  designation as an emergency source fo r 
public and private water supplies (B) is  the River's high dissolved 
mineral concentrations from natura lly  occurring sources outside of the 
basin.
Although the h is to r ic  stream qua lity  data shown in Table B1 is  
very scant, a comparison with the current water qua lity  in Table 82 
reveals the beneficia l e ffe c t of the Keystone impoundment by the sig­
n if ic a n t reductions of ch loride, su lfa te , flu o rid e , n itra te , phosphate, 
and to ta l dissolved solids concentrations.
Table B3 is  a l is t in g  of the in-stream qua lity  fo r certain t r ib ­
utaries to the Arkansas. In general, the stream qua lity  is  good. I t  
meets or is  better than the "beneficia l use" qua lity  requirements in 
Table A2. The problems with the se n s itiv ity  of the tes t fo r heavy 
metals is  again noted. A ll the tr ib u ta ry  streams meet the permitted 
U.S. Public Health Service (USPHS) Drinking Water Standards, 1962.
The to ta l dissolved solids (TDS) concentrations of Cloud Creek closely 
approaches the maximum Drinking Water Standards of 500 ppm recommended 
by the USPHS. Nearly one-half of the measured 407 ppm TDS is due to 
the presence of sulfates. There are no industria l discharges in to  
Cloud Creek; nor are there any mapped su lfa te  deposits such as gypsum
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or anhydrite w ith in  i ts  drainage basin. However, the streambed of 
Cloud Creek rests upon geologic formations tha t contain th in beds of 
coal. Commonly associated with coal deposits are iron d isu lfides (FeSg), 
the most fa m ilia r p y rite . Iron d is lu fides when exposed to a ir  and 
moisture are read ily  oxidized to sulfates.
The TDS concentration in Broken Arrow Creek is 635Jppm. This 
concentration, although greater than the desired 500 ppm, is well below 
the maximum permitted standard. Also, the corresponding su lfa te  con­
centration of 290 ppm is  below the maximum recommended Drinking Water 
Standard. Broken Arrow Creek flows through an area tha t has been 
strip-mined fo r  coal, th is  accounting fo r the higher concentrations of 
sulfates in the stream.
Segment C lassifica tion
The Federal Water Pollution Control Act Amendments of 1972 re­
quire tha t a ll stream segments in  a planning basin be c lass ified  as 
e ithe r "e fflu e n t lim ited " or "water qua lity  lim ited" according to the 
fo llow ing d e fin itio n s . An e fflu e n t lim ited segment is one in  which the 
application of "best p ractica l treatment" technology currently available 
(BPT) to a ll discharges w ith in  the segment w il l  re su lt in water qua lity  
s u ff ic ie n t to meet the water qua lity  standards. Conversely, a "water 
q ua lity  lim ited" segment is  one in  which treatment better than BPT w il l  
be required fo r discharges and/or control of non-point source po llu tion 
w il l  be required to meet water qua lity  standards. (PL 92-500 1972, pp. 30-31) 
I n i t ia l ly ,  a ll stream segment in Oklahoma were c lass ified  as "water 
qua lity  lim ited" due to a lack of information on existing water qua lity
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and the in a v a ila b ility  o f guidelines as to what level o f treatment would 
constitu te  BPT. In essence, both of these questions remain unanswered. 
H is to rica l data on stream q ua lity  is  at best sketchy fo r the mainstreams 
and non-existent fo r the tr ib u ta r ie s . The recent monitoring data ob­
tained in support of the planning e ffo r t  did not do much to elucidate 
instream conditions. The unusual amount o f ra in fa ll during the sampling 
period resulted in  large volumes o f runoff which precluded any estimation 
of water q u a lity  a t c r i t ic a l flows."
When guidelines on BPT fo r m inicipal waste treatment fa c i l i t ie s  
have been fin a liz e d , those fo r most categories of industries have not 
ye t been fin a lize d . Almost a ll o f the proposed guidelines have been 
w ritten  in terms of allowable discharge per volume of material pro­
cessed or in  terms o f f in a l product output. Since the volumes of water 
used and discharged per volume of production was not defined, and in ­
deed usually varies from plant to plant w ith in  the same indus tria l 
category, an estimation of the concentration of waste in  each e fflu e n t 
under BPT would be impossible. Considering the many instances where 
the volume o f e fflu e n t closely approximates the volume of the re­
ceiving stream in the basin, i t  is  impossible to predict the e ffects of 
the application of BPT on water qua lity  in  the Middle Arkansas Basin.
In view of the situations discussed above, i t  is  the conclusion of 
the w rite r o f th is  thesis tha t the existing c la ss ifica tio n  of "water 
q u a lity  lim ited" be maintained fo r a ll stream segments in the basin. 
Consequently, waste load allocations fo r  a ll dischargers in the basin 
w il l  be made so as to insure the maintainance of water qua lity  a t the 
c r it ic a l flow conditions. This analysis is  made in the fo llow ing 
section of th is  paper.
IV. WASTE LOAD ANALYSIS
Since a ll the segments in  the basin are c lass ifie d  as water qua lity  
lim ite d , waste load a llocations w il l  be made fo r  a ll dischargers. In 
addition to  the instream q u a lity  analysis presented e a r lie r ,  necessary 
items required fo r  a waste load a lloca tion  include an inventory of d is­
chargers and a stream assim ila tive capacity analysis on each stream.
Once the allowable loading capacity of each of the streams has been deter­
mined, th is  load can be allocated to the individual dischargers.
The next section of th is  paper w il l  discuss several approaches to 
a llocating waste loads. In each case, a knowledge of the location and the 
qu a lity  and quantity o f each individual discharge would be required. This 
section of the plan w i l l ,  therefore, present an inventory o f a ll known 
point sources and w il l  address the to ta l load from nonpoint sources.
Point Sources
As used in th is  section of the plan, point sources w i l l  re fer to 
municipal and indus tria l discharges only. Agricu ltu ra l point source dis­
charges from animal feed lo ts  w i l l  not be included in  the inventory since, 
by state s ta tu tes, these fa c i l i t ie s  are required to c o lle c t a ll runoff 
and process water and, except under extreme c lim atic  conditions, prevent 
i t  from entering the streams.
Municipal Inventory
A Municipal Discharge Inventory has been compiled from data gathered 
on a routine basis by the Oklahoma State Health Department in order to 
comply w ith the state health standards. Data co llec tion  of th is  type 
began in  la te  1970 and is  being continuously updated by OSHD and placed 
in the EPA STORE! computer system under the ca ll name, "Municipal Waste 
F a c ilit ie s  Inventory".
Appendix C is  a summary presentation o f OSHD's municipal waste d is ­
charge information. This table is  arranged by segments. Column two 
contains the location number which corresponds to the m unic ipa lity 's  
discharge location shown on the map on page Cl of the Appendix.
Industria l Inventory
An Industria l Inventory has been compiled from the records of the Oklahoma 
Water Resources Board, In order tha t an industry receive a discharge permit, 
i t  must submit an application to the OWRB containing the volume of waste 
discharged and an independent laboratory analysis of the possible po llu tion  
parameters in  the discharge. This independent laboratory analysis is  substantuat- 
ed by analyses conducted in  the laboratories o f the United States Geological 
Survey and the OWRB.
The data on indus tria l waste discharges have been collected over a 
period of three years, 1970 to the present (1973). The data collected by 
OWRB is summarized in Appendix D. The Inventory was compiled d ire c tly  
from the Industria l Inventory Sheet, which the OWRB uses to co lle c t f ie ld  
data. The second column corresponds to the location number found on the 
map on page D1 and represents the discharge location.
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Nonpoint Sources
The o rig in  and nature of nonpoint sources of po llu tion  were discussed 
at length in  a previous section of the paper. I t  was noted in that section 
tha t nonpoint sources o f po llu tion are dependent to a large extent on the 
natural characteristics o f the basin and influenced greatly by the use 
made of the land by the human population.
An accurate estimation o f the to ta l nonpoint source po llu tion  in  the 
Middle Arkansas Planning Basin is  impossible. Since most o f the drainage 
area o f the mainstreams lie s  outside the basin and in  most cases outside 
Oklahoma, a rough estimate of the to ta l quantity o f nonpoint source pol­
lu tio n  based on land use would be d i f f ic u l t  and would probably not be 
cost e ffe c tive . From the discussion of land use presented e a rlie r in  the 
paper, i t  is  reasonable to assume that some organics, nutrients, minerals, 
toxicants, and sediment (probably a sizable amount o f the la tte r)  enter 
the streams in  the basin through surface runoff. However, during periods 
o f c r it ic a l low flow th is  surface wash does not e x is t.
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V. APPROACHES TO WASTE LOAD ALLOCATIONS
Discussion o f Alternatives
There are many methods and combinations o f methods which should be 
considered fo r  use in a lloca ting  waste loads. These approaches include
( 1) design fo r complete resue and recycle o f waste water (no discharge),
( 2) design fo r  discharger to meet standards at c r i t ic a l stream flow con­
d itio n s , (3) design fo r discharge to meet standards a t median stream flow 
conditions with storage during lower stream flows and release during higher 
stream flows, (4) design fo r incremental treatment at progressive stream 
flow values, and (5) design fo r a given stream flow with flow augmentation 
a t lower flows..
These approaches require varying degrees of d if f ic u lty  in  both planning 
and in  plan implementation. Most of the approaches require the use of math­
ematical modeling at various degrees o f sophistication. In choosing the 
appropriate approach fo r a given s itu a tio n , the d if f ic u lt ie s  in  both the 
planning phase, including the data requirements and a v a ila b ility  fo r the 
modeling work, and the implementation program should be evaluated. Each o f 
the five  approaches mentioned above is examined to some degree below in  
l ig h t  o f planning and implementation resources of Oklahoma. Selection of 
the optimum approach is  then made.
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No Discharge
Under a no discharge approach, waste load a llocations would simply 
be zero. This concept of complete reuse of waste water would greatly 
s im p lify  the planning process but would require a vast commitment of 
implementation resources. No discharge can be accomplished in several 
ways; by to ta l retention and evaporation to the atmosphere; by subsur­
face disposal; by ir r ig a tio n  of vegetated land surface (runo ff being 
prevented); or by such extensive treatment tha t waste water can be 
recycled and reused.
No discharge is  currently being practiced by several industries and 
a few m unic ipa lities in  the Middle Arkansas Basin. Most of the industries 
involved use deep-well in jec tion  to dispose of small quantities of brines 
or tox ic  substances. Some industries and the m unic ipa lities use to ta l 
retention lagoons.
While these methods work well fo r  small quantities of waste, the 
broad application of no discharge to a ll sources of waste water in the 
basin would present many problems. Before waste water can be injected in to  
deep aquifers, a l l  suspended material must be removed to prevent clogging 
the pores of the aquifer. This alone would require extensive treatment of 
the waste. Other problems such as adequate volumes and porosity o f deep 
formations, danger of po llu ting  usable groundwater supplies, e tc ., make 
subsurface disposal highly questionable as a method o f disposal fo r  most 
of the waste generated in the basin. S im ila rly , to ta l retention lagoons 
to evaporate large volumes of waste require large land areas. Suitable 
land areas close to the point of need is  not available in most instances.
In many cases the treatment of wastewater to the point where i t  can 
be recycled and reused is  an expensive process. In addition, recycling is
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not usually a closed loop since pollu tants are concentrated w ith every 
reuse. Eventually some part of the used water must be discharged.
Perhaps the most promising of the to ta l retention methods is  i r r i ­
gation. Unless the waste water contains material which is  tox ic to 
p lants, d ire c t application on vegetation land surfaces can be made a fte r 
removing only the suspended matter which would clog pumps, nozzels and other 
mechanical equipment. Again a problem exists in  tha t enough land suitable 
fo r  ir r ig a t io n  is  not always available close to the source.
Discharge Designed fo r  C rit ic a l Stream Flow
Another approach would be to a llocate waste loads based on stream 
ass im ila tive  capacity a t c r it ic a l flow conditions. As set by the Oklahoma 
Water Quality Standards, the c r it ic a l flow fo r  Oklahoma streams is  the 
seven-day, two-year low flow. Under th is  approach, the waste assim ilative 
capacity o f each stream would be determined at th is  flow and allocations
would be made such tha t th is  capacity would not be exceeded.
Mathematical models would be required to estimate the assim ilative 
capacity of the streams with respect to various parameters. Unless adequate 
flow records were availab le, models would also be needed to estimate c r i ­
t ic a l flow conditions fo r the streams. The inclusion of nonpoint sources in 
the a llocations would make th is  approach more re a lis t ic  but much more d i f ­
f ic u l t .
The cost of implementation under th is  approach would be high. The
low flow in most of the streams a t c r i t ic a l conditions would necessitate a
high level o f treatment. This approach would maintain a qua lity  in excess 
of tha t required by the standards most of the time, due to larger than 
c r i t ic a l flows.
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Discharge Designed fo r Median Flow
This approach would require an a lloca tion  of waste loads based on the 
assim ila tive  capacity o f the streams at the median flow . Provisions would 
be made to store part o f the treated waste during periods when stream flow 
is  less than the median value, and to release th is  stored waste during per­
iods when stream flow exceeds the median value. In re a l ity ,  th is  would 
require a knowledge of the assim ila tive  capacity a t a wide range of flows 
in  order to determine the rate of storage and the rate of release. Since 
nonpoint source p o llu tion  would influence the assim ila tive  capacity, part­
ic u la r ly  at higher flows, contributions from these sources must be known.
The cost o f implementing th is  approach might be less than the previous 
approach since a lesser degree of treatment would be required. However, a 
cost versus e ffic ien cy  p lo t is  not a smooth curve. Sharp increase in costs 
occur when a higher order o f treatment is  required to increase e ffic iency .
For th is  approach to be more cost e ffe c tive , the required treatment would 
have to be one order lower than required a t the c r i t ic a l flow , e.g. secondary 
vs. te r t ia ry .
Part o f any such savings in  treatment cost could be o ff-s e t by the cost 
o f the storage f a c i l i t y .  Should the storage f a c i l i t y  receive biodegradable 
waste, aereation would have to be provided to prevent septic conditions.
Mathematical modeling under th is  approach would be extensive, models 
would be required to simulate stream response to both point and nonpoint 
sources w ith in  a wide flow  range. A sub-routine would be required to 
estimate nonpoint contributions w ith in  the working flow  range.
Discharge Designed with Incremental Treatment
Under th is  approach, waste load allocations would be made fo r the 
stream assim ilative capacity at c r i t ic a l flow conditions, as in  the second
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approach discussed. However, provisions would be made fo r incremental 
treatment e ffic ienc ies  coinsiding with assim ilative capacity of various 
stream flows. These increases in treatment e ffic iency would be consistent 
with additional orders of treatment, or w ith the addition of particu la r 
units w ith in  a treatment order. For example, the application of a te r t ia ry  
treatment system to a secondary system e fflu e n t would increase the BOD re­
moval e ffic ien cy  from approximately 85 percent to approximately 98 percent.
The addition o f the te r t ia ry  system would be required only when the stream 
flow dropped below the value required to assim ilate the e ffluen t from the 
secondary system. Smaller increments in e ffic iency could be gained by the 
addition of another u n it, such as another tr ic k lin g  f i l t e r  or activated 
sludge tank, w ith in  the secondary treatment system. Thus, by selective 
operation of treatment un its , a waste load equal to or less than the 
stream's assim ila tive  capacity would be maintained a t a ll times.
Planning fo r  th is  approach would be s im ila r to tha t of the previous 
approach. The flow volume required to provide the assim ilative capacity 
required by the waste load produced by a ll possible combinations.of the 
treatment units would have to be ascertained. Again, a knowledge of the 
extent and e ffects  of nonpoint sources would be required.
Capitol cost of constructing fa c i l i t ie s  under th is  approach would be 
as extensive as those under approach number two, since the fin a l e ffluen t 
would have to be capable of meeting allowable stream loading at c r it ic a l flow.
Operating cost could be cut considerably, however, by closing down some of
the fa c i l t ie s  during higher flow.
Incremental b io logical treatment under th is  a lternative  would be a
sensitive operation. The use of tr ic k lin g  f i l t e r s  or other methods of bio­
log ica l treatment requiring careful cu lturing of the treatment organisms
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would be ruled out in favor o f operations such as activated sludge, where 
old sludge could be used as seed in the start-up operation.
This method would, perhaps, work best with the increment being from 
secondary treatment at high flows to te r t ia ry  treatment a t lower flows. 
Chemical p rec ip ita tion  to remove nutrients and ce ll organics at low flow 
would be a prime example.of the u t i l i t y  of th is  method.
Low Flow Augmentation
Under th is  approach, waste loads would be allocated based on the 
assim ila tive capacity derived fo r a specified minimum flow . This minimum 
flow would be maintained by augmentation from existing reservoirs and from 
reservoirs constructed sp e c ifica lly  fo r supplementing stream flow during 
low flow periods. The optimum minimum stream flow in  th is  scheme would be 
arrived at by minimizing the cost o f augmentation fa c i l i t ie s  and waste tre a t­
ment fa c i l i t ie s .
This minimuzation procedure is  a simple Operations Research Technique. 
However, costs fo r  increments in  d ilu tio n  water and costs fo r treatment 
e ffic ie n c ie s  must be determined. These parameters are not independent since 
the treatment requirements are based upon assim ilative capacities which in 
turn is  based upon stream flow . Thus, what appears at f i r s t  to be a re la ­
t iv e ly  simple approach is  complicated very quickly with requirements fo r 
sub-models to determine assim ilative capacity and cost analysis associated 
w ith storage capacity and waste treatment fa c i l i t ie s .
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Selection of Approach
In selecting an optimum approach from among the alternates, several 
factors must be considered. These include statutory re s tra in ts , data 
resources fo r required modeling e f fo r t ,  available capital fo r  construction, 
operating costs, a v a ila b ility  o f trained manpower, and many others. The 
various approaches discussed previously are evaluated below in  l ig h t of 
these facto rs.
The application of no discharge regulations on a basin-wide basis does 
not appear to be feasib le  at th is  time. The cost o f constructing fa c i l i t ie s  
to tre a t waste water to the point of recycle and reuse would exceed the 
the available resources. The problems of large scale subsurface in jec tion  
and the cost and in a v a ila b ility  o f land fo r to ta l retention ponds or i r r i ­
gation f ie ld s  near the major dischargers rules th is  option out. However, 
th is  a lte rna tive  has great m erit and should be considered on a case by case 
basis fo r each discharger.
The design fo r discharge to meet the standards at median flow and the 
design fo r  incremental treatment alternates would have sta tu tory res tra in ts . 
In the case of m un ic ipa lities , no discharges in excess of best secondary 
treatment could be allowed, non could industries discharge in  excess of 
best practica l treatment standards. These standards are set by ERA and are 
generally quite low. Best secondary treatment is  designated as 30 mg/1 BOD, 
30 mg/1 suspended so lids , and 200 fecal coliform  organisms per 100 ml.
Best practica l treatment w il l  be established fo r individual categories of 
industry. These lim ita tio n s  on discharge quantities l im it  the u t i l i t y  
of these approaches to special cases only. They would , perhaps be viable
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alternatives where low stream flow necessitates a high rate of treatment 
fo r  only short periods of time.
The low flow augmentation approach is ,  fo r a ll p ractica l purposes ruled 
out by the philosophy enunciated in Section 102 (b) (1) o f the Federal 
Water Po llu tion  Control Act Amendments tha t "...s to rage  and water release 
shall not be provided as a substitu te  fo r adequate treatment or other 
methods o f con tro lling  waste at the source". Although ex is ting  low flow 
augmentation is  being practiced by regulated discharges from several of 
the major reservoirs w ith in  the basin, th is  regulation is  in conjunction 
w ith ex is ting  uses and changes in discharge practices to coincide with 
waste releases would probably not be possible even i f  i t  were permitted.
This leaves only the approach whereby discharges would be designed to 
meet the water q ua lity  standards at c r it ic a l flow (seven-day, two-year low 
flow ). Although th is  method w il l  be expensive to  implement, i t  appears to 
be the only viable a lte rna tive . Judicious use o f no discharge systems, 
storage fa c i l i t ie s  and temporary chemical treatment fa c i l i t ie s  on case by 
case basis could help reduce the cost o f some fa c i l i t ie s .
As mentioned e a r lie r  in  the discussion o f th is  approach, the inclusion 
of nonpoint sources o f po llu tion  in  th is  approach would make i t  more re a l­
is t ic .  However, these pollu tants enter the stream prim arily  in surface 
runo ff, a phenonomena which would not be occurring to any extent simultaneously 
with the seven-day, two-year low flow. Since allocations to point sources 
are being made a t the seven-day, two year low flow , no assim ilative capacity 
w i l l  be reserved fo r  nonpoint sources. This is  not to say that nonpoint 
sources are not an important fac to r in the basin, even at the low flow , but
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that any attempt at th is  point to allocate a certain portion of the stream's 
assim ilative capacity to nonpoint sources would be guesswork. Later planning 
a c tiv it ie s  should focus more a ttention on compiling a nonpoint source in ­
ventory fo r the basin.
Having selected th is  approach, waste load allocations fo r  point sources 
w il l  be made such that instream qua lity  as specified by the standards w il l  
be met at the c r it ic a l flow conditions. The follow ing section o f th is  plan 
w il l  describe the procedures fo r determining the allowable stream loading 
and fo r  a lloca ting  th is  load to  ind iv idua l dischargers.
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VI DEVELOPMENT OF SELECTED APPROACH
Using the approach selected in  the previous section of th is 
paper, waste load allocations w il l  be made to each individual discharger. 
Before th is  can be done, the a b il i ty  of the stream to d ilu te , transport 
and assim ilate the various types of pollutants must be known. As used 
in  th is  paper, the assim ilative capacity o f a stream w i l l  re fe r speci­
f ic a l ly  to the stream's a b i l i ty  to recover from a discharge of biode­
gradable waste and th is  assim ilative capacity w i l l  be used fo r a lloca­
tin g  BOD. The d ilu tio n  capacity w i l l  be used fo r a llocating conserva­
tiv e  elements.
A requirement fo r  the determination of assim ilative capacity and 
d ilu t io n  capacity is  a knowledge of the c r it ic a l flow in the stream.
This low flow has been calculated fo r  each stream in the Middle Arkansas 
Basin which receives waste discharges. This low flow analysis along with 
the theoretica l development of the assim ilative capacity and d ilu tio n  
capacity models are included below. Also included in  th is  section is  a 
description of the ca lib ra ting  data fo r the models and a description of 
the procedure used in th e ir application. F in a lly , the results of the 
modeling are used to allocate waste loads to point source discharges.
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Low-Fiow Analysis
The two most important parameters associated w ith stream flow are 
q ua lity  and quantity. These parameters are not independent. This is  
p a rticu la r ly  true in  Oklahoma where the concentrations of natura lly 
occurring minerals vary s ig n ific a n tly  w ith flow volume. The volume of 
stream flow also determines, to a large extent, the allowable waste d is­
charge. The c r it ic a l condition w ith reference to wa3te assim ilation 
capacity is  the low flow conditions. I t  is ,  therefore, necessary to 
determine low flow conditions before proceeding w ith a waste load a llo ­
cation analysis.
The Oklahoma Water Quality Standards cites the seven-day, two-year 
low flow as the flow above which the standards are to remain in e ffec t. 
This flow is  also specified as the design-flow fo r determining allowable 
discharge loads to the stream. Seven-day, two-year low flow is  in terpre­
ted to mean the lowest seven-day flow , taken as a moving average, which 
has a recurrence in te rva l o f two years.
A method fo r obtaining th is  low flow data was recently devised by 
the U.S.G.S. (Riggs 1972) and is  outlined as fo llows:
1. A moving average is  taken o f each year's record using 
a window width of seven days. The lowest seven-day 
average is  selected fo r each year.
2. These seven-day low flow averages are then arrayed in 
order or magnitude of the flow value, with the lowest 
value f i r s t  and the highest (nth) value, la s t.
3. The fo llow ing recurrence formula is  u tiliz e d : R = m
Where: R = recurrence in terva l
n = number of years recorded 
m = order number corresponding to the
flow with recurrence in terva l selected
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This can be rearranged to read: m = n̂ r
For th is  case se ttin g , R equal to  two years, 
the value m can be obtained.
4. Returning to the ordered array, the mth value is
found and is  taken as the seven-day, two-year low flow.
As an example, i f  nine years o f record e x is ts , the lowest seven-day
moving average fo r each year would be calculated and arrayed in ascending 
order:
m = 9+1 = 5
^  R
The f i f t h  in  the ordered array becomes the seven-day, two year low
flow .
This method has been used to calculate low flows at a ll o f the U.S. 
G.S. gaging stations. Since only the major streams in  the basin have 
gaging s ta tions, i t  was necessary to extrapolate these low flows to the 
tr ib u ta r ie s  and to other points in the main streams. The U.S.G.S. paper 
referenced above also suggests a method fo r  accomplishing th is .
The flow at the gaging s ta tion  is  associated w ith the drainage area, 
A. From th is  re la tionship a flow per u n it area, Q/A, can be determined. 
However, th is  flow per u n it area cannot be applied d ire c tly  to  every 
tr ib u ta ry  in  the basin to determine the flow fo r tha t tr ib u ta ry . I f  
a t a l l  possible, a gaging s ta tion  in the same basin downstream of the 
tr ib u ta ry  o f in te res t should be selected. I f  there is  no gaging station 
in  the basin o f in te re s t, the nearest s ta tion  should be used. The 
fo llow ing equation may then be used to calculate low flow values fo r 
ungaged streams:
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Qg Qh A C
" / = [ / ]  [ /A. ] [1]
A Ab "
Where: Qĵ  = measured flows, c fs , a t ex isting  gaging stations
A|̂  = drainage area above ex is ting  gaging C ite , square miles
Qg = flow in  cfs o f ungaged tr ib u ta ry  or stream o f in te res t
A = area o f ungaged tr ib u ta ry  or stream o f in te res t square 
miles {above point where flow is  desired)
c = dimensionless parameter
Once the appropriate areas have been established and the low flow 
value calculated fo r  the gaged s ta tio n , the only problem le f t  is  determ­
in ing the value fo r  c This value has been estimated to be one fo r the 
en tire  state o f Oklahoma by Seeley of the U.S. Agricu ltu ra l exper­
iment s ta tion at Chickasha, Oklahoma. This equation, with c=l was used 
in estimating seven-day, two-year low flows at a ll discharge points in  
the basin.
This equation should only be applied to areas o f a tr ib u ta ry  upstream 
from the gaging s ta tion . When extrapolating the flow fo r  a te r t ia ry  
stream, a gaging s ta tion  on the receiving secondary stream, i f  the gage 
ex is ts , should be used instead o f a gage on the primary stream.
This technique o f s ta tion  selection w il l  minimize flow differences 
due to evaporation, p re c ip ita tio n , physical characteristics such as 
stream bed slopes and geological characteristics such as topography and 
so il types. With th is  precaution, the r e l ia b i l i t y  o f the empirical re­
la tionsh ip  o f equation [1 ] increases. Of course, when low flows are very 
small, geology plays a more important part in  determining the quantity o f 
flow than i t  does at high flows.
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Segment 1-B
While flow in the main stem of the I l l in o is  River varies seasonally, 
the r iv e r  is  a perennial stream and has substantial flow most of the time. 
The U.S.G.S. maintains f iv e  gaging stations and one lake gaging station 
w ith in  th is  segment. Data from stations are recorded by U.S.G.S. and 
published annually in  Water Resources Data fo r Oklahoma, Part I ,  Surface 
Water Records. (USGS 1971b) Flow downstream from Tenkille r is  regulated 
to a large extent while flow upstream varies seasonally and from year to 
year depending upon clim atological conditions. An example of th is  v a r i­
ation was shown on page 28 in the form a flow-duration curve fo r the 
main stem of the r iv e r  a t Tahlequah, ju s t upstream from the backwater of 
Lake T e n k ille r. I t  is  apparent from the flow-duration curve that flow 
in  the stream is  substantial w ith the exception of a very small percentage 
of the time.
A l i s t  o f low flows fo r streams in Segment 1-B which receive dis­
charges is  included below. An asterisk (* )  beside the flow indicates tha t 
i t  is  calculated d ire c tly  from gaging s ta tion data. The remaining flows 
were calculated using formula ( 1) discussed e a rlie r.
TABLE 12 
Low Flow Data fo r  Segment 1-B
Stream Seven-Day, Two-Year Low Flow
I l l in o is  River 117*
Barren Fork 10.8
Caney Creek at S tilw e ll .09
Shell Creek a t W estville 1.84
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I t  can be noted from the flow duration curve that the seven-day, 
two-year low flow of the I l l in o is  River is equaled or exceeded approxi­
mately 87 percent o f the time.
Segment 1-C
Low flow data fo r  the Grand Neosho River cannot be accurately cal­
culated because most of the U.S.G.S. gaging stations have been inundated 
by the backwaters of the reservoirs. The following low flow values repre­
sent the best estimates based on 1) the minimum discharges allowed by 
the Army Corps of Engineers from the reservoirs, 2) data from gaging 
stations not ye t inundated, and 3) h is to rica l data fo r inundated 
gaging stations.(wherever ava ilab le).
The low flow volume of the Grand Neosho River entering Oklahoma is 
136 cubic fee t per second (c fs ) . This low flow is  increased to approxi­
mately 310 cfs a t i t s  confluence with Spring River (169 cfs) and Lost 
Creek (4.6 cfs) near Wyandotte, Oklahoma. H istorica l water data co l­
lected p rio r to 1957 near Grove, Oklahoma, establishes the low flow at
408 cfs below the confluence o f the Elk River. Big Cabin Creek con­
tribu tes  a low flow of 1 cfs to the Grand Neosho below Grand Lake (Lake 
O' the Cherokees) damsite. Therefore, the minimum flow in to  Lake Hudson 
should be at least the sum of the two flows (409 c fs ).
Lake Hudson receives flow from Spavinaw Creek. Spavinaw Creek is 
completely regulated by Tulsa's two municipal water supply reservoirs, 
Spavinaw Lake and Eucha Lake. The low flow entering Lake Hudson from 
Spavinaw Creek is  not known and fo r the design purposes of th is  plan w ill 
be considered in s ig n ifica n t.
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The low flow discharge from Lake Hudson is  unavailable at th is  time.
The minimum discharge is  assumed to equal the minimum inflow value of 
409 cfs.
The minimum low flow from Ft. Gibson Reservoir is  1000 cfs. This 
value was established by phone conversation w ith the Army Corps of 
Engineers' o ffice  in  Tulsa, Oklahoma.
An eighteen year record of discharges from Ft. Gibson Reservoir 
was displayed in a duration curve o f da ily  discharge, on page 25. The 
curve is  a re lec tion  of the dam authorities discharge procedures. The 
fac t that the two-year, seven-day low flow value is  equalled or exceeded 
only seventy-two percent (72%) of the time might indicate that a change 
in  discahrge procedures has occurred since construction of th is  curve.
Low Flows fo r  streams in  Segment 1-C are shown in the table on 
the follow ing page. Flows marked with an asterisk (*) indicate that 
th is  value was taken d ire c tly  from nearby gaging stations. Other values 
were obtained using equation ( 1) .
Segment 1-D
The Verdigris River enters Oklahoma with a low flow of 11.4 cfs. By 
the time i t  reaches Lenapah, Oklahoma, the low flow has increased to 
12.5 cfs. Below Lenapah, the Verdigris River is  impounded in to  Oologah Lake. 
Low flow data from a gaging station below the lake near Claremore estab­
lishes the low flow to be 16.5 cfs. This value includes the contribution 
from Caney River (1.2 c fs ). Both Bird Creek (2.0 cfs) and Spunky Creek 
(0.3 cfs) enter the Verdigris River near the Port o f Catoosa increasing
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TABLE 13
L o w  F l o w  D a t a  f o r  S e g m e n t  1 - C
Stream Two-Year, Seven-Day Low Flowfcfs)
L y t l e  C r e e k  @  P i c h e r
T a r  C r e e k  
@  C a r d i n  
@  C o m m e r c e  
@  M i a m i
G r a n d  N e o s h o  R i v e r  @  C o m m e r c e  
S p r i n g  R i v e r  §  Q u a p a w  
L o s t  C r e e k  0  S e n e c a ,  M o .
H o r s e  C r e e k  0  A f t o n  
L i t t l e  C a b i n  C r e e k  
B u l l  C r e e k  
B i g  C a b i n  C r e e k  
O k e e c h e  C r e e k  0  F a i r l a n d  
H u d s o n  C r e e k  
M u s k c r a t  C r e e k  0  J a y  
G r o v e  S p r i n g  @  G r o v e  
G r a n d  C r e e k  0  L o c u s t  G r o v e  
C o a l  C r e e k  0  W a g o n e r  
B i t t e r  C r e e k  0  A d a i r  
C h o u t e a u  C r e e k  0  C h o u t e a u  
P r y o r  C r e e k
G r a n d - N e o s h o  R i v e r  0  P I C C  
G r a n d  N e o s h o  R i v e r  b / 1  F t .  G i b s o n
0 . 0
0 . 1 7
0 . 1 7 8
0 . 2 5
1 3 6 . 0 *
1 6 9 . 0 *







1 . 0 5
7 . 5  
0 . 0  
0 . 0  
0 . 0  
0 . 0  
0 . 0
>  4 0 9 .  
1 0 0 0 .
* L o w  f l o w  v a l u e  a c t u a l l y  c a l c u l a t e d  u s i n g  d a t a  f r o m  U.S.G.S. gaging 
s t a t i o n s .
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the low flow value to greater than 18.1 cfs a t th is  po in t. The la s t 
tr ib u ta ry  in  Segment 1-D to make a minimum low flow contribution to 
the Verdigris River is  Dog Creek adding 1.15 cfs fo r a to ta l low flow 
greater than 19.95 cfs at i t s  confluence with the Arkansas River.
I t  is  in te resting  to note from the duration curve of da ily d is­
charge, shown on page 26, a low flow of zero is  exceeded 99.7 percent 
o f the time in  the Verdigris River, yet the two-year, seven-day 
low flow is  exceeded approximately ninety-two percent (92%) of the 
time. Likewise, i t  is  also of in te res t tha t the two-year, seven- 
day low flow is  nearly the same before and a fte r construction of 
reservoirs on the Verdigris River in Kansas.
Low flow data on streams receiving waste discharges in Segment 1-D 
are shown on the fo llow ing page. Again, those flow values which were 
obtained d ire c tly  from gaging station data are marked w ith an asterisk (*)
Segment 1-A
The minimum flow  released from Keystone Reservoir in to  Segment 1-A 
of the Arkansas River is  200 cfs. This value was established by phone 
conversation with the Tulsa D is tr ic t Army Corps of Engineers. Two 
hundred cubic fee t per second w i l l ,  therefore, be considered to be the 
two-year, seven-day low flow discharged from the Keystone Reservoir.
This reservoir regulates the Arkansas River from the damsite to the 
r iv e r 's  confluence with the Verdigris and Grand Neosho Rivers near 
Muskogee.
U.S. Geological Survey gaging s ta tion  #7-1945 has been inundated 
by the backwaters of the Webber's Falls Reservoir. Using the h is to rica l 
data from th is  gaging station gives a two-year, seven-day low flow
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TABLE 14
L o w  F l o w  D a t a  f o r  S e g m e n t  1 - D
Stream Two-Year.. Seven-Day Low Flow (cfs)
H o m i n y  C r e e k  
@  H o m i n y  
@  S p e r r y
B i r d  C r e e k  
@  W y n o n a  
@  P a w h u s k a  
@  B a r n s d a l l  
@  A v a n t  
@ S p e r r y
S p u n k y  C r e e k  
@  T u l s a
@  R o l l i n g  H i l l s  
@  C a t o o s a
B l a c k  J a c k  C r e e k  @  T u l s a
D o g  C r e e k  @ C l a r e m o r e
P e a  C r e e k  @  I n o l a
W e s t e r n  B r a n c h  C r e e k  @  N o w a t a
L i t t l e  C a n e y  C r e e k  @  C o p a n
F o u r m i l e  C r e e k  @  D e w e y
C a n e y  R i v e r  @ B a r t l e s v i l l e
V e r d i g r i s  R i v e r
@  S o u t h  C o f f e y v i l l e ,  K a n s a s  
@  L e n a p a h  
@  C l a r e m o r e
0 . 0 2
0.1
0 . 0  
0 . 0  
0 . 9 1  
1 . 8 7 *  
2 . 0  *
0 . 0
0 . 2 3
0 . 3
0 . 0






1 1 . 4
1 2 . 5 *
1 6 . 5 *
*Lov7 f lo w  value actually calculated using data from U.S.G.S. gaging 
stations.
108
fig u re  of 1921 cfs . The da ily discharge duration curves on page 23 
shows tha t th is  low flow value is  equalled or exceeded ninety per­
cent (90%) of the time.
A two-year, seven-day low flow equal to 2010 cfs was supplied 
by the Army Corps of Engineers fo r  the Arkansas River near Gore.
This value includes the low flow contribution of the I l l in o is  River 
(117 c fs ).
Low flow data fo r  other streams in Segment 1-A is  given in the 
Table on the fo llow ing page. Gaging station data is  marked with an 
a s te r is k (* ) .
BOD Assim ilative Capacity
Several models are currently being used fo r predicting the assimi­
la t iv e  capacity o f streams. The orig ina l model was developed by H. W. 
S treeter and E. B. Phelps (Streeter eta l 1958) in  1925 fo r a portion of 
the Ohio River. Their model is  discussed in  de ta il in a la te r pub li­
cation by Phelps (Phelps 1944).
The Streeter-Phelps model is  based on the in terre la tionsh ips of the 
biochemical oxygen demand (BOD) and oxygen d e f ic it  (D) in the stream.
The oxygen d e f ic it  is  defined by the follow ing equation:
D = C - C
Where: Ĉ  = dissolved oxygen (DO) concentration at saturation
C = dissolved oxygen concentration at any time ( t)
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TABLE 15
L o v ?  F l o w  D a t a  f o r  S e g m e n t  1 - A
brream Two-Year, Seven-Day Lov; Flow (cfs)
A r k a n s a s  R i v e r  
@  S a n d  S p r i n g s  
0  T u l s a  
0  J e n k s  
0  B i x b y  
0  M u s k o g e e  
0  G o r e
I l l i n o i s  R i v e r  0  G o r e
P o l e c a t  C r e e k  0  S a p u l p a
R o c k  C r e e k  0  S a p u l p a
E l k  C r e e k  0  C h e c o t a h
S a n d  C r e e k  0  B r a g g s
D i r t y  C r e e k  0  C o n n e r s  S t a t e  C o l l e g e
D i r t y  C r e e k  ( S o u t h  F o r k )  0  P o r u m
C l o u d  C r e e k  0  B o y n t o n
C h i l d e r ' s  C r e e k  0  K e i f e r
S n a k e  C r e e k  0  M o u n d s
B r o k e n  A r r o w  C r e e k  0  B r o k e n  A r r o w
2 0 0 . 0  
2 0 0 . 0  
2 0 0 . 0  
2 0 1 . 6 2  
1 9 2 1 . 0 *  
2 0 1 0 . 0
1 1 7 . 0










* L o w  f l o w  v a l u e  a c t u a l l y  c a l c u l a t e d  u s i n g  d a t a  f r o m  c u r r e n t l y  
o p e r a t i n g  U.S.G.S. gaging stations.
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When a load of biodegradable material is  discharged in to  a stream, 
two natural phenomena occur simultaneously.. One involves the decrease 
in the Bod with a resulting depletion of the DO, while the other in ­
volves an increase in the DO' due to the reaeration o f the stream. The 
b io log ica l processes and physical mechanisms involved in  these two 
reactions are qu ite  complicated and a detailed discussion o f these w il l  
not be included. The equations which are generally assumed to approxi­
mate these reactions are described below.
The equation describing the deoxygenation reaction (and subsequent 
reduction in BOD) was postulated by Streeter-Phelps to be:
H  "  " k i L  ( 2 )
which is  a lin e a r, f i r s t  order d if fe re n tia l equation, the solution to 
which is :
L = (3)
Where: L = BOD load at time, t
= in i t ia l  BOD load a t t  = 0
a
= the f i r s t  order deoxygenation rate constant 
The reaeration process was also postulated to be a f i r s t  order reaction, 
proportional to the oxygen d e f ic it .  This process is  represented by the 
fo llow ing equation:
^  "  -k 2D
WhereL D = oxygen d e f ic it  a t time, t
k2 = f i r s t  order reaeration rate constant 
Equations (2) and (4) can be combined to represent the sum o f the
m
effects of dcoxygsriatioo and reaeration in the stream as follows:
^  = k]L - kgO (5)
The f i r s t  term on the r ig h t of the equation represents the deoxygenation 
reaction which increases the d e f ic it ,  while the second term represents 
the reaeration reaction which decreases the d e f ic it .
Substituting the value of L from equation (3) in to  equation (5 ), a 
so lution can be obtained which reduces to the classical form of the 
Streeter-Phelps equation, w ritte n  in e ither natural or base 10 logarithms 
as fo llows:
D = 1- - ^ — (eT^lt _ e"k2t)  + q (6a)
Kg ~ 1̂-] a
D = -  10 "k2t) + D^io 'kzt (6b)
Where: D = oxygen d e f ic it  a t time, t
L = o rig ina l BOD load
a
e = base of natural logarithm
t  = time between the measurement o f D and the discharge
of ‘-a
k, = deoxygenation rate constant (d iffe re n t values fo r 
the two equations)
kg = reaeration rate constant (d if fe re n t values fo r  the 
two equations)
I f  the d e f ic it ,  D, in equation ( 6 ) is  expressed in  terms of percent 
saturation and p lotted against time, the resulting curve is  s im ila r to 
Figure 16 on the follow ing page. The dip in  the curve is  responsible fo r 
equation (6 ) being called the Streeter-Phelps DO sag equation. The deox­
ygenation and reaeration components of th sag equation are p lotted separ­
a te ly in  Figure 16 to i l lu s t ra te  that the dissolved oxygen curve is  the 
sum of the two a t a ll points.
n?
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STREETER-PHELPS OXYGEN SAG CURVE
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The maximum d e f ic it  represented by the minimum of the sag may be 
found by d iffe re n tia tin g  equation (5) and setting the results equal to 
zero. This c r i t ic a l d e f ic it ,  and the corresponding time of its  occur­
rence, t^ ,  are important factors in  determining the assim ilation capacity 
of a stream. Equations fo r and t^  are given below:
• (7)
1 D (k2 - k-j)
"c '  k g /k ,  ( 1 -  — ----------  ) (8 )
Substitu ting the c r i t ic a l d e f ic it ,  D^, and the c r it ic a l time, t^ , 
back in to  equation (5) and solving fo r  y ie lds the follow ing equation:a
This value o f is  the maximum allowable load tha t can be imposeda
upon a stream without exceeding the c r it ic a l d e f ic it ,  D^, in  the stream 
models. Some o f these models are examined in  de ta il in  Appendix G. A 
close examination of these models, however, reveals that they are varia­
tions o f the Streeter-Phelps model, some being s im p lified  viersions, while 
others are more sophisticated.
The more sophisticated models are intended to u t i l iz e  data more spec­
i f i c  to the stream being modeled. While they would probably simulate in - 
stream conditions more closely than simpler models, they require extensive 
input data o f the type not rou tine ly  gathered by state po llu tion  control 
agencies. To obtain th is  data on a state-wide basis would require a 
sampling program beyond the means of the state agencies. Therefore, the 
present modeling e f fo r t  in  Oklahoma must of necessity be rather s im p lis tic .
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Selection of Models
Two varia tions of the Streeter-Phelps model given in  equation (9) 
w il l  be used to assess the assim ilative capacity of streams in the 
Middle Arkansas Basin. The two basic types of streams in the basin 
and the version of the model used on each are described below.
The two basic types of streams in the basin are "return flow- 
special mixing zone" streams and "perennial" streams, A "speical mixing 
zone" is  defined by the Oklahoma Water Quality Standards (page 10 of 
Appendix A) to be a stream in which the combined stream and waste flow 
is  less than four times the waste discharged to the stream. In other 
words, the d ilu tio n  ra tio ,  the ra tio  of stream flow to waste flow , is  
less than three to one. Although no clear d e fin itio n  of a return flow 
stream is  given by the Standards, Table A1 of Appendix A shows three 
streams in  the basin to be designated as such. I t  is  believed tha t the 
in ten t of the Standards was to designate as return flow streams a ll streams 
which are composed e n tire ly  of waste e ffluen t during c r it ic a l flow condi­
tions, i . e . ,  when the natural low flow is  zero. I f  th is  is  the case, the 
low flow analysis made in conjunction w ith th is  study reveals tha t many 
other streams in the basin should have been designated as return flow 
streams. I t  is  suggested tha t the revision of the Standards planned fo r 
1976 inlcude designation of a ll return flow streams and special mixing 
zone streams. These designations are included in Table A1 and are en­
closed in  parenthesis to distinguish them from the o rig ina l designations.
Model fo r Return Flow - Speical Mixing Zone Streams
The standards set fo r the minimum DO fo r return flow and special
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mixing zone streams a t 2 mg/1. The most c r it ic a l condition would ex is t 
i f  the waste was discharged containing only 2 mg/1 of DO and l i t t l e  or 
no natural flow existed in the stream fo r  d ilu tio n . This would corres­
pond to the c r it ic a l d e f ic it ,  D^, in  the Figure 16. Since the change in 
the d e f ic it  with respect to time is  zero at th is  po in t, equation (5) can 
be rew ritten as fo llows:
^  = 0 = k^L -  kgD
or
or
S ' -  °  y
k^D
substitu ting  F a ir's  (1939) p u rifica tio n  constant, f ,  (see Appendix G) 
fo r  kg /kp  th is  equation becomes:
L = fD (10)
where L is  the allowable instream BOD concentration expressed in  mg/1,
D is  the d e f ic it  a t a DO of 2 mg/1 and f  is  a dimensionless parameter.
The value of L in equation (10) represents the maximum concentration 
o f waste which can be discharged in to  a return flow stream, or in to  a 
special mixing zone stream where the volume of d ilu tio n  water is  in s ig n i­
f ic a n t when compared to the waste discharge. The assim ilative capacity 
o f a ll return flow-mixing zone streams in the basin were calculated using 
equation (10) and values fo r f  and D which w il l  be discussed in a la te r 
pa rt o f th is  section.
Models fo r  Perennial Streams
Streams with a d ilu tio n  ra tio  o f greater than three to one do not fa l l  
in  the return flow-special mixing zone category and must maintain a higher
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DO concentration. Warm water streams are required to have a minimum 
DO of 5 mg/1 while small mouth bass and tro u t streams are required to 
have a minimum DO of 6 mg/1. The model used fo r estimating the assimi­
la tiv e  capacity o f these streams is  equation (9) modified w ith Fa ir's  
constant. This equation is  given below:
D -  D 1 0 - f k ] t c
'a  '  0 1 )
Data on the dissolved oxygen d e f ic it  upstream from points of discharges 
is  not available. I t  is  reasonable to assume, however, tha t some d e f ic it  
already exists due to benthic deposits and organic matter fa ll in g  or being 
blown in to  the stream. Lacking fu rthe r knowledge, an in i t ia l  d e f ic it ,  D^, 
or 1.0 mg/1 is  used as recommended by ERA. (1971a) Since 10 raised to 
any negative exponent is  less than un ity , the term in  the numerator o f 
equation (11) which describes the in i t ia l  d e f ic it ,  D , can be s im p lified
a
conservatively by assigning i t  a value of one. This reduces equation (11) 
to the fo llow ing form:
( f-D (D ^ - l)  (12)
lOT î̂ c _
Equation (12) and the appropriate f ,  D^, and t^  factors were used to cal­
culate the assim ila tive capacity of a l l  perennial streams in  the basin.
In each case, the retention time in the stream from the point of d is­
charge to i ts  confluence with the next highest order streams was calculated. 
This ca lcu lation was made using the ve loc ity  fo r the streams obtained 
through a special stream survey conducted by the Oklahoma Water Resources 
Board fo r th is  study. Whenever a BOD remained at the point o f confluence, 
th is  BOD residual was applied to the receiving stream and routed downstream 
u n til a l l BOD was sa tis fie d .
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Calibration of Models
The use of equations (10) and (12) in the assim ila tive capacity 
analysis depends upon selecting appropriate f  value and c r it ic a l de­
f i c i t  values. The values of are obtained by subtracting the minimum 
allowable DO concentration from the saturation DO at 90°F fo r warm 
water streams, 84°F fo r small mouth bass streams and 68°F fo r  tro u t 
streams. The resu lting  values are shown in Table 16 on the follow ing 
page.
Values fo r the p u rifica tio n  constant, f ,  were estimated by Fair 
(Fa ir 1939) fo r several d iffe re n t types of streams. These values have 
been subsequently reported by several authors (Phelps 1944; Fair 1939; 
Fair eta l 1968) in  th e ir  work. F a ir's  f  values are shown in  Table 17 
on the fo llow ing page.
The values in Table 17 were derived em pirica lly fo r  streams in other 
parts of the country and may not be appropriate fo r streams in  Oklahoma.
A special grant was obtained from ERA to determine f  values on several
Oklahoma streams fo r  comparison. These studies were conducted by the
Oklahoma State Department of Health and w il l  be published a t a future
date. The results of th e ir  study has been taken from the pre-publica­

















Special Mixing Zone 90 7.4 2.0 5.4
Warm Water Perennial 90 7.4 5.0 2.4
Small Mouth Bass 84 7.8 6.0 1.8
Trout 68 9.2 6.0 3.2
TABLE 17 
f  Factors Recommended by Fair
Nature of Receiving Water
Small Ponds and Backwaters 
Sluggish Streams and Large Lakes 
Large Streams o f Low Velocity 
Large Streams of Moderate Velocity 
S w ift Streams 
Rapids and W aterfalls














f  Factors fo r Selected Streams in  Oklahoma 
(values corrected fo r 32°C (90°F))
STREAM f
Spring Creek 5.0








A ll nine streams in Table 18 f a l l  in the category of return flow- 
special mixing zone streams. Thus, an average value of the f  factors would 
be a va lid  estimate o f values to be used in  assim ilative capacity analysis. 
Rejecting the higher value of 11 fo r the Choctaw Creek tr ib u ta ry  as being 
non-representative with respect to the others, the average f  fac to r fo r 
these streams is  4.4. This value is  considerably higher than the values 
reported in  Table 15, but is probably more representative of Oklahoma 
return flow-speica.l mixing zone streams. I t  is  therefore proposed that a 
value o f 4.0 be used on a ll return flow-special mixing zone and warm water 
streams on the Middle Arkansas Basin. The value of 4.0, corrected to 84°F and 
68°F w il l  be used on small mouth bass streams and tro u t streams. A reduc­
tion  of 0.4 from the average value is s lig h tly  conservative fo r the return 
flow-mixing zone streams, and extrapolating th is  value to perennial 
streams is  quite conservative since the larger flows in  these streams
IZU
would tend to create a higher reaeration rate.
Temperature corrections fo r  small mouth bass streams and trou t streams 
were made using the follow ing formula from Fair, Guyer, and Okun. (1968)
f  -  f  n e-0.022(F°^ -  20) (13)
■ f(20°c)*
These are rounded o f f  conservatively to  4.0 and 5.0 respectively.
A ll the information is  now available to calculate the allowable 
loading to each stream. The calcuations fo r  a return flow-special mixing 
zone stream is simply:
= fDO
= 4.0 X 5.4 
=  21.6
This value was rounded o f f  to 20 mg/1 fo r the purpose of a lloca tion .
The allowable loading, L , fo r perennial streams is  somewhat more
a
complicated. Combining equations (8 ) and (12) gives an equation fo r
which is  independent of k . . Assuming the term D /L (f-1 ) to be suf-
I ' 8 9
f ic ie n t ly  less than one and omitting i t  from equation ( 8 ) y ie lds an 
expression fo r  L involving only f  and D^. Solving th is  equation fo r
a C
each type of stream y ie lds the fo llow ing instream concentrations.
Type of Stream ^a
Warm water streams 9 mg/1
Small mouth bass streams 5 mg/1
Trout Streams 16 mg/1
These values represent the allowable instream concentrations a fte r 
mixing. The c r it ic a l condition fo r perennial streams occurs when the 
d ilu tio n  ra tio  is  three to one, or the to ta l flow is  the stream (natural
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flow plus e fflu en t) is  four times greater than the e ffluent,a lone.
Therefore, the concentration in  the e fflu e n t could be four times greater 
than the above figures without exceeding the allowable load in  each type 
of stream. In view of the 30 mg/1 BOD maximum imposed by EPA secondary 
treatment guidelines, dischargers to a ll perennial streams w il l  be a llo ­
cated no more than 30 mg/1. Dischargers to small mouth bass streams 
w il l  be re s tr ic te d  to four times the instream value shown above, or 20 
mg/1 BOD.
Toxic Substance D illu tio n  Capacity
As mentioned e a r lie r  in the section on water qua lity  standards, the 
lim its  on discharges of a ll conservative elements except toxicants are 
covered in  Table A2 or in the narrative of the Water Quality Standards. 
L im its fo r  a selected l i s t  of toxicants were presented in  Table 11 on 
page 75 .
A search of discharge inventories reveals that the fo llow ing toxicants 
are discharged in  the Middle Arkansas Planning Basin.
TABLE 19 
Toxicant Discharges











The method used fo r  a llocating these toxicants consists of a 




Where: C. = concentration of toxicant allowable in the
e fflu e n t, mg/1
C = allowable, instream value fo r the toxicant 
(from Table 13), mg/1
Qg = flow in stream (mgd)
Qg = flow in e fflue n t (mgd)
Dr = Qg/Qg = d ilu tio n  ra tio  (dimensionless)
Further constraints are placed on the maximum allowable discharge
of toxicants. When more than one discharge of à toxicant occurs in  a 
segment, the discharges are summed and checked against the to ta l flow 
downstream from the la s t discharge to insure that the combination of 
discharges do not v io la te  Water Quality Standards. Also, the discharge 
inventory is  consulted and no discharger is  allocated a higher concentra­
tio n  of toxic substances than presently being discharged. This constra in t 
s a tis fie d  the non-degradation clause on page A4 of the Water Quality 
Standards.
An exception to the above procedure is  made in the case o f return 
flow streams and speical mixing zone streams.
The Standards exempt return flow streams and special mixing zones 
from use as public and private water supply, fish  and w ild li fe  progpagation, 
and primary recreation. Thus, the highest remaining use is fo r ir r ig a t io n  
and livestock watering. Table 11 on page 75 l i s t  the maximum suggested
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concentrations fo r water designated fo r  use in ir r ig a t io n  or livestock 
comsumption. These concentrations are used as the allocations to d is­
chargers on return flow or special mixing zone streams. Again, a check 
is  made to insure tha t standards in  a subsequent receiving stream are not 
v io la ted  and tha t each discharger is  not allocated a higher concentration 
than he is  curren tly  discharging.
A llocation to Dischargers
Municipal
Based on the assim ila tive capacity discussed e a r lie r , a llocations 
have been made to a ll municipal dischargers in  the basin. The only 
three parameters being allocated to municipal dischargers by EPA in 
th e ir  National Po llu tion  Discharge Elim ination System (NPDES) permit 
program, are BOD (5 day, carbonatious), suspended so lids , and fecal 
co lifo rm  bacteria . Consistent w ith the p ractica l philosophy discussed 
e a r l ie r ,  only those parameters which w i l l  be permitted and enforced by 
EPA through th e ir  NPDES program w i l l  be allocated in  th is  plan.
The d ie -o ff rate of the coliform  organism depends on several factors 
and any attempt to quantify these factors in  th is  plan would be of 
questionable value. I t  is  suggested tha t a l l  permits be w ritten  on 
the basis o f 200 organisms per 100 ml, the maximum amount allowed under 
EPA's Secondary Treatment Standards.
I t  is  the recommendation of th is  plan tha t a ll municipal dischargers 
be re s tr ic te d  to a discharge of 30 parts per m illio n  o f suspended solids. 
This is  the maximum allowed under the secondary treatment guidelines.
This recommendation is  based upon the ra tiona le  that the BOD exerted by 
the suspended ce lls  w il l  be exerted gradually over a period of several
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days. Since the retention time of the tribu ta ry  streams is  considerably 
less than a day, the major part of the BOD associated with the suspended 
solids w il l  be exerted in the larger streams such as the Verdigris, Grand 
Neosho and Arkansas Rivers. The large flow in  these streams, coupled w ith 
the low BOD loading should be more than s u ffic ie n t to prevent any problem 
associated with the suspended solids. With regard to tu rb id ity  caused 
by the suspended so lids , the natural tu rb id ity  in  most of Oklahoma's 
streams is  such tha t the e ffec t of an additional 10 to 15 parts per m illio n  
or suspended solids w i l l  not be s ig n ifica n t.
The only parameter to be allocated to municipal dischargers is  BOD.
This a llocation is  based on the assim ilative capacity discussed e a rlie r.
A ll dischargers on return flow-special mixing zone streams are allocated 
a concentration of 20 mg/1 in th e ir  e fflu e n t. I f  the DO in  the e ffluen t 
is  a t least 2 mg/1, the minimum instream DO w il l  be maintained according 
to the model.
Nearly a ll o f th dischargers on perennial streams have been allocated 
30 mg/1 in  th e ir  e fflu e n t. Although the model described e a rlie r  indicates 
tha t, with a three to one d ilu tio n  ra tio , a value in  excess of 30 mg/1 in 
the e fflu e n t could be assimilated, the allocations have a ce iling  of 30 
mg/1 to correspond to the maximums allowed by EPA's secondary treatment 
guidelines.
Some exceptions to the above allocations have been made. A few 
m unicipa lities discharge d ire c tly  to impoundments, or to streams a t a very 
short distance from th e ir  confluence with the impoundments. The fate of 
biodegradable material in impoindments depends upon the dispersion character­
is t ic s  of the waste in the lake waters, the depth of the lake, and many 
other factors. Since the reaeration reaction must depend prim arily  upon
the d iffus ion  of oxygen through the air-water interface instead of 
mixing through a turbulent flow mechanism a t is the case in streams, i t  
is  reasonable to assume that the f  factors fo r  impoundments is  considerably 
less than fo r  streams. This assumption appears to be validated in Table 17 
where Fair reported the fa value fo r  ponded streams to be s ig n ific a n tly  
less than fo r flowing streams. Since lakes and reservoirs are an important 
resource in Oklahoma, i t  is  recommended tha t discharges to these bodies 
o f water be res tric ted  to a concentration o f 10 mg/1. There are two such 
discharges in  the Middle Arkansas Basin; Seneca, which discharges in to  
Lost Creek ju s t upstream from Grand Lake, and Hulbert which discharges to 
a tr ib u ta ry  of Fourteen Mile Creek close to Ft. Gibson Reservoir. Both 
o f these m unicipalities, have been allocated 10 mg/1 BOD.
Another exception was made in the case of discharges upstream from a 
water supply reservo ir. The State Health Department has several basins 
upstream from municipal lakes protected by special regulations. One 
such water shed in the basin has a municipal discharge located w ith in  
i t ,  the town of Col cord which discharges to a tr ib u ta ry  of Spavinaw Creek. 
At the request o f the State Health Department, th is  m unicipality w i l l  be 
lim ited  to a discharge of 10 mg/1 in th e ir  e fflue n t.
Appendix E contains a l is t in g  of the allocations to each Municipal 
Discharger in  the Middle Arkansas Basin. This a llocation is  given in  mg/1 
and, based upon the projected 1980 flow , in  lbs/day and kilograms/day. 
These la s t two values are included fo r convenience in w riting  permits 
under the NPDES Program.
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Industria l
The a lloca tion  of BOD to industria l dischargers is  based on the 
assim ilation capacity o f the receiving stream in the same manner as 
that used fo r municipal discharges. However, a rb itra ry  ce ilings of 
30 parts per m illio n  were not set fo r  industry. Since many industries 
generate waste an order of magnitude stronger than domestic waste, and 
since industry must use private capita l fo r  constructing treatment 
f a c i l i t ie s ,  discharges greater than 30 ppm of BOD are allowable where 
the stream's assim ila tive  capacity is  s u ff ic ie n t. In each case, the 
assim ila tive capacity was compared to the discharge quantity reported in 
the inventory. I f  the industry is  curre tn ly discharging less than the 
fu l l  assim ilative capacity, a llocations were made fo r  the amount that the 
industry has indicated tha t i t  has the present cap a b ility  of meeting.
Allocations of organic suspended solids were also made to industries 
w ith a BOD discharge. An amount equal to the BOD has been allocated, w ith 
an upper l im it  o f 150 ppm. Amounts in  excess of th is  could cause localized 
sludge blankets downstream from the discharge, creating nuisance condi­
tions.
The other materials allocated to industria l dischargers are considered 
to be conservative materials and the recommended discharge concentrations 
are based on d ilu tio n  capacities as described e a rlie r .
A llocation to industries consist only of those parameters which the 
discharge inventories show are currently being discharged by tha t p a rticu la r 
industry. I t  is  anticipated tha t any additional parameter added at a 
la te r date would require the permit to be rew ritten and an a llocation of 
th is  substance would be made at tha t pa rticu la r time.
Appendix F contains the waste load allocations to industries. This
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table is  also arranged to show the recommended discharges in mg/1 , 
lbs/day, and kg/day.
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VII SUMMARY, CONCLUSION, AND RECOMMENDATIONS
This paper has attempted to demonstrate an approach to water qual­
i t y  management planning which would optimize the resources available to 
the s ta te 's  water po llu tio n  control agencies fo r  preparing basin plans 
persuant to the Federal Water Pollution Control Act Amendments of 1972.
An approach was sought which would re s tr ic t  waste discharges s u ff ic ie n tly  
to protect the in te rg r ity  of the surface waters, while a t the same time 
placing the smallest demand on the s ta te 's  stream monitoring resources.
Toward th is  end, a description was made o f the natural characteris­
t ic s  which would help in  understanding the problems re la tin g  to natural 
quantity and q u a lity  o f the waters w ith in  the chosen basin. An assess­
ment was made of the ex is ting  q ua lity  o f the basin's surface waters, along 
w ith an analysis o f the waste load currently  being imposed. Several approaches 
to  waste load a lloca tions were examined and the optimum approach selected. 
Models were examined fo r  use in  assessing the ass im ila tive  capacity of 
streams. Two models were selected which appear to  adequately represent 
waste assim ila tive  phenomena and fo r which the data requirements are 
simple enough to be obtained quickly and without great expense. These 
models were calibrated by f ie ld  studies to more closely represent reactions 
in Oklahoma streams. F in a lly , these models were used to estimate the max­
imum amounts of waste which each discharger can deposit in  the receiving 
stream without v io la tin g  water qua lity  standards.
Several conclusions may be reached from the above study. While the 
assim ila tive  capacity models may be the best available under present
circumstances, more work needs to be done in  the area o f ca lib ra tion .
The f  factors appear to be in reasonable range, but data from 
more streams should be analyzed. Also more data on the in i t ia l  dissolved 
oxygen d e f ic it  should be obtained a t established sampling points upstream 
from points of discharge. This information should be added to the data 
bank from each sampling run.
Another apparent area of weakness is  the absence of data on non­
point sources. Using the thorough description of the natural and man-
influenced characteristics tha t e x is t, a sampling program could be designed 
to obtain data re flec tin g  the contribution o f non-point sources. This
pro ject should be intergrated in to  l is ts  of p r io r ity  projects.
To the w rite r of th is paper, one of the most obvious conclusions 
to be drawn from th is  study is  the fac t tha t the p r io r it ie s  established 
by Federal Water Pollution Control Acts Amendments or 1972 and subsequent 
adm inistrative decisions by EPA are not consonant with e ffec tive  planning 
and plan implementation. The decision by EPA to allocate one set of 
parameters to municipal dischargers and a d iffe re n t set to industries, 
even though they share common receiving streams, is  a case in point.
The time table fo r the completion of in te rre la ted  programs is  sometimes 
reversed. A case in point is  the fac t tha t permits, which should be 
guided by planning, are a ll scheduled fo r issuance by December 31, 1974 
while the planning program w il l  not be completed u n til FY 1976. These 
are factors which must be taken in to  consideration, however, and consis­
ten t with the"practica l" philosophy expressed throughout the plan, the 
model has been adjusted to balance the administrative and s c ie n t if ic  goals 
o f the planning process.
Several recommendations can be made fo r improving the plan at a
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fu ture planning date. One would be the in it ia t io n  of the program to 
id e n tify  and qunatify the non-point sources contribution ide n tifie d  
e a r lie r. Non-point sources are scheduled fo r emphasis in  FY 1976 and 
information should be available fo r  the 1977 plan update. Additional 
work on k factors should be done. A study has been proposed and funds 
are being allocated fo r surveys to obtain k values on tv;enty streams in 
various parts of the s ta te . These values should be used to update the 
model. In the meantime, the 10, 20, and 30 mg/1 values allocated to BOD 
dischargers are considerably lower than the present quantities being 
discharged.
Prior to the 1977 planning update, an e ffo r t  should be made to 
reconcile the parameters in  the waste load allocations fo r municipal 
and industria l dischargers. This would benefit instream water qua lity  
and at the same time probably assist in  improveing public acceptance 
of the a llocation programs by providing a more fa ir  and equitable dis­
tr ib u tio n  o f the e ffo r t  involved in  the po llu tion  abatement program.
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Pursuant to the au thority  contained in  82 O.S. Supp. 1972, } 926.6(c) 
which authorizes the c la ss ifica tio n  o f waters consistent with best present 
and fu ture  use and the adoption of standards o f q u a lity , the Oklahoma 
Water Resources Board effectuated these standards on September 11, 1973.
I t  is  the purpose o f these rules and regulations to designate the 
uses fo r which the various waters o f the State shall be maintained and 




I t  is  recognized that certa in  of the waters under consideration 
possess an ex is ting  q u a lity , which is  be tte r than the minimum standards 
established. The q u a lity  o f those waters w i l l  be maintained, unless
ana unci i IT, has been a ffirm a tive ly  demonstrated to the State through
public hearings tha t other uses or d iffe re n t standards are ju s t if ia b le  
as a re su lt o f necessary economic or social development. This w i l l  
require tha t any in d u s tr ia l, pub lic, or private pro ject or development 
which would constitu te a new source o f po llu tion  or an increased source 
o f p o llu tion  to high q u a lity  waters w i l l  be required, as part o f the 




The designated present and potential beneficia l uses o f the waters of 
the State are A, C], D, F ], F2 , G-j, G2 , and I ,  and the general water 
q u a lity  standards apply unless otherwise noted in Appendix A. Published 
data fo r some streams are lim ited . However appropriate beneficia l uses 
to be protected are specified even though low flow conditions may fo r the 
most part prevent such uses as primary body contact recreation. Bene­
f ic ia l  uses of Oklahoma surface waters designated herein specify qua lity  
objectives of lakes and streams. The designation does not l im it  beneficia l 
use nor p ro h ib it beneficia l uses other than those lis te d  nor does i t  
ind icate  by the order lis te d  any preference of uses. I t  is  recognized 
tha t benefic ia l uses may be protected where corresponding a c tiv it ie s  are 
otherwise prohibited by law or by private ownership. This would include 
primary body contact in  some public water supplies as well as recreational 
use o f some p riva te ly  owned waters. A ll reservoirs are protected fo r 
primary and secondary body contact recreation.
CODE BENEFICIAL USE
A Public and private water supplies
B Emergency public and private water supplies
C] Fish and w ild life  propagation
C2 Fish and w ild li fe  propagation to the extent allowed by sp e c ifi­
c a lly  stated water qua lity  parameters 
D Agriculture (includes livestock watering and ir r ig a tio n )
E Hydroelectric power
Fi Industria l and municipal cooling water
F2 Receiving, transporting and/or assim ilation o f adequately
treated waste
6-] Recreation, primary body contact (includes recreational uses
where the human body may come in d ire c t contact with the 
water to the point o f complete body submergence)
62 Recreation, secondary body contact (includes recreational uses,
such as fish in g , wading and boating, where ingestion o f water 
is  not probable)
H Navigation
I Aesthetics
0 Small-mouth bass fishery excluding lake waters
K Trout fishery (put-and-take)
CODÉ LIMITATION
(a) A ll streams and reservoirs designated (a) are protected by pro­
h ib itio n  of any future discharge of po llu tants.
(b) A ll streams designated (b) are return flow streams fo r which 
special water qua lity  standards have been established.
(c) Streams or stream systems in which advanced waste treatment 
o f a l l waste discharges is  required are designated (c ).
A6
GENERAL STANDARDS
The instream numerical c r ite r ia  lim its  shall be maintained at a ll 
times with the exception o f when the flow is  equal to or less than the 
seven-day, two-year low flow value or times when the flow rate is  not 
s ig n if ic a n t or discernable by the naked eye. The numerical c r ite r ia  
lim its  apply a t a ll times to lakes and reservoirs unless otherwise 
exempted.
M inerals: For chlorides, sulfates and to ta l dissolved solids
the arithm etic mean o f the concentrations o f the samples taken 
fo r a year a t any point shall not exceed one standard deviation 
greater than the arithm etic mean o f the h is to rica l data generated 
at tha t point. Not more than one in twenty samples randomly co lle c t­
ed shall exceed two standard deviations greater than the arithm etic 
mean o f the h is to rica l data generated a t that po int. M ineralization 
from other parameters such as calcium, boron, magnesium and sodium 
from other than natural sources shall be maintained so as to not 
re s tr ic t  the benefic ia l uses. For those stations fo r which h is to rica l 
data e x is ts , mineral lim its  have been established and are lis te d  in 
Appendix B. The values are in milligrams per l i t e r  (mg/1). The 
stations are organized in accordance to basin number with each sta­
t io n 's  number corresponding to those on Map 2. Mineral standards w il l  
be established fo r other stations as data becomes available. The 
term "yearly mean standard" lis te d  on the table is  defined as tha t 
value which the yearly arithm etic mean shall not exceed. The term 
"sample standard" is  used on the table and is  defined as that value 
which not more than one in twenty samples shall exceed. Mineral 
lim its  fo r  intermediate locations between lis te d  sample points shall 
be determined by allowing reasonable gradients between the numerical 
l im its  lis te d  fo r  those sta tions.
Bacteria: In areas designated as G] (recreation, primary body con­
tac t) or A (public and private water supply), bacteria of the fecal 
co liform  group shall not exceed a monthly geometric mean of 200/100 
ml, as determined by m ultip le-tube fermentation or membrane f i l t e r  
procedures and based on a minimum of not less than five  samples fo r 
any 30-day period, nor shall more than ten percent (10%) of the 
to ta l samples during any 30-day period exceed 400/100 ml.
In areas designated G2 (secondary body contact) bacteria of the 
fecal coliform  group shall not exceed a monthly geometric mean of 
1000/100 ml, as determined by m ultip le-tube fermentation or mem­
brane f i l t e r  procedures, nor shall more than ten percent ( 10%) o f 
the to ta l samples during any 30-day period exceed 2000/100 ml.
Oil and Grease: Essentia lly free of flo a tin g  or emulsified o il and
grease.
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Solids: Free of flo a tin g  debris, bottom deposits, scum, foam and
other materials of a persistent nature from other than natural 
sources.
T u rb id ity : Turb id ity  o f other than natural o rig in  shall be re s tr ic ­
ted to the fo llow ing in-stream numerical values:
Warm Water Streams 50 Jackson Units
Warm Water Lakes 25 Jackson Units
Cold Water Streams (those 
designated as small-mouth 
bass fishe ries  or tro u t
fish e ries ) 10 Jackson Units
In waters where the natural occuring backgrounds exceeds these 
values, tu rb id ity  from other than natural sources shall be re s tr ic ­
ted to maintain the na tu ra lly  occuring background.
Color: Color producing substances of a persistent nature from other
than natural sources shall be lim ited  to concentrations which w il l  
not be detrimental to benefic ia l uses.
Temperature: During any month o f the year, heat shall not be added
to any stream in  excess o f the amount tha t w i l l  raise the temperature 
o f the water more than 5° F. In lakes, the temperature of the 
epilimnion shall not be raised more than 3° F above that which 
existed before the addition of heat o f a r t i f ic ia l  o r ig in . The normal 
da ily  and seasonal temperature variations that were present before 
the addition of heat due to other than natural causes shall be main­
tained. The maximum temperature due to man-made causes shall not 
exceed 68° F in tro u t streams, 84° F in  smal1-mouth bass streams, 
or 90° F in  a ll other streams and lakes except fo r the fo llow ing: 
Arkansas River from Kaw Reservoir Dam to the headwaters 
o f Keystone Reservoir 94° F.
Arkansas River from Keystone Reservoir Dam to Coody Creek
near Muskogee, Oklahoma 93° F
Salt Fork Arkansas River 93° F 
Red River excluding Lake Texoma 93° F 
North Fork Red River 91° F 
No a r t i f i c ia l  heat shall be added such tha t the receiving water tem­
perature exceeds the maximums specified above.
Private ly owned lakes and reservoirs used in the process o f cooling 
water fo r in du s tria l purposes are exempt from these re s tr ic tio n s  pro­
vided the water released from any such lake or reservoir shall be
subject to the temperature requirements.
Maximum temperature determination shall be made by averaging repre­
sentative temperature measurements o f the cross sectional area of 
streams and r ive rs .
Taste and Odor Producing Substances: Taste and odor producing sub­
stances from other than natural o rig in  shall be lim ited  to concen­
tra tions tha t w il l  not in te rfe re  with the production of potable
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water by modern treatment methods or impart o ff-c o lo r or unpalatable 
fla vo r to flesh o f f is h , or re su lt in  offensive odors in the v ic in ity  
o f the water, or otherwise in te rfe re  w ith beneficia l uses.
Dissolved Oxygen: The dissolved oxygen concentration shall not be
less than 5 mg/1 fo r  a ll warm waters, and 6 mg/1 fo r those waters 
designated as small-mouth bass or tro u t fish e ries . Under extreme 
conditions, the diurnal varia tions may cause the dissolved oxygen 
concentration to be as much as 1 mg/1  below the above values fo r 
short periods (not to exceed 8 hours) during any 24-hour period 
provided tha t the water q u a lity  is  favorable in a ll other respects.
N utrients: The to ta l phosphorous concentration and Nitrogen/Phos­
phorous ra tio  shall be lim ited  to prevent eutrophication problems.
I f  s u ff ic ie n t nu trien t data become available spec ific  numerical 
lim its  w i l l  be included in the water q u a lity  standards revision 
scheduled fo r October 18, 1975.
Toxic Substances: Toxic substances shall not be present in  such
quantities as to cause the waters to be tox ic  to human, animal, p lant 
or aquatic l i f e ,  nor detrimental to any benefic ia l use including con­
tinued ingestion by livestock or continued use fo r  ir r ig a t io n . For 
aquatic l i f e ,  using bioassay techniques, the tox ic  l im it  shall not 
exceed one-tenth of the 96-hour median tolerance l im it  fo r the most 
sensitive species common to the stream. In the absence o f informa­
tion  on the most sensitive species the concentration sha ll not exceed 
one-tenth of the 96-hour median tolerance l im it  to Pimephales pro- 
melas (Fathead Minnow) and/or Lepomis macrochirus (B lu e g ill) .
Toxic substances shall not be present in  quantities which allow long 
term tox ic  e ffects  in the food chain or accumulation o f tox ic  sub­
stances in  f ish  or w ild l i fe .
The fo llow ing materials may have synerg istic  e ffec ts : ammonia, cad­
mium, hexavalent chromium, tr iv a le n t chromium, copper, cyanide, lead, 
mercury, n icke l, selenium, s ilv e r  and zinc. These substances shall 
not be present in  s u ff ic ie n t concentration to allow the cumulative 
re la tionsh ip  value to exceed the numerical value of one.
The cumulative re la tionsh ip  value (CRV) is  defined as:
Ga . . Gn
â S  n̂
where: Cg, Cb, . . .  Of, are the measured concentrations in the 
streams and Lg, Lb, . . . are respective maximum permissable con­
centrations i f  each constituent were present alone.
Species D ivers ity  Index: A d ive rs ity  value ( d )  fo r benthic (bottom 
dwelling) macroinvertebrate organisms shall be maintained a t a m ini­
mum o f three (3) unless natural conditions or phenomena cause the 
value to be less.
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Enumeration and c la s s ific a tio n  techniques of sampled benthic organisms 
shall be u t iliz e d  to acquire information which w il l  be subjected to 
mathematical_ in te rp re ta tion  from which is  derived an index of species 
d ive rs ity  (d ). B iological information incorporated in to  the d ive rs ity  
index includes: number o f species samples (s ) , to ta l number o f in d iv i­
duals (n ), and number o f ind iv idua ls per species (n-j); w ith d ive rs ity  
sp e c ific a lly  expressed mathematically as:
d = - (n j/n ) logi2 (n i/n )
1
Where the logarithm is  expressed in  terms o f the base z.
This expression is  dimensionless and includes numbers o f ind ividuals 
representing each species. The species d ive rs ity  index shall not be 
determined on a count of less than 100 ind iv idua ls per sample.
pH: The pH shall be between 6.5 and 8.5. pH values below 6.5 and
above 8.5 must not be due to waste discharge.
Other Substances: The control o f other substances not heretofore
mentioned w il l  be guided by the U.S. Public Health Service Drinking 
Water Standards o f 1962, or la te s t revision thereof, and accumulated 
s c ie n t if ic  data on lim its  above which in ju ry  to use occurs. Pollu- 
tiona l substances w i l l  be maintained below maximum permissible con­
centrations fo r  public water supplies, recreation requirements, ag ri­




a. Dissolved Oxygen: The dissolved oxygen content o f a return flow stream 
shall not be less than 2 mg/1. The dissolved oxygen concentration ju s t 
above the point where the flow o f the stream combines with the flow of 
a stream o f higher designated use shall not be less than 3 mg/1.
b. Species D ivers ity  Index: The species d ive rs ity  index shall not apply 
to  return flow streams.
Mixing Zones and Zones of Passage
a. Mixing Zones: Except as indicated below, mixing zones shall be no
larger than one-fourth (1/4) the cross sectional area o f the stream or 
no more than one-fourth (1/4) the volume of flow , whichever is  most 
re s tr ic t iv e . The remaining portion of the stream's cross section or 
flow  shall constitu te a zone o f passage fo r free swimming and d r if t in g  
organisims. Where more than one e fflue n t enters a stream and the 
mixing zones would overlap, the combined mixing zones shall not exceed 
the one-fourth (1/4) value described above. The mixing zone shall 
begin a t the point o f discharge and extend downstream to the point of 
complete mixing.
Special mixing zones shall be designated where return flows exceed 
one-fourth (1/4) o f the combined stream and return flows.
Mixing zones in  lakes shall be designated on a case by case basis.
b. Exceptions to bénéficia is uses: Mixing zones may be assigned a ll  of 
the benefic ia l uses fo r which the natural waters of that stream would 
be sa tis facto ry w ith the exception o f the fo llow ing:
(1) Public and private water supply, A
(2) Emergency public and private water supply, B
(3) Fish and w ild li fe  propagation, Ci
(4) Recreation (primary and secondary body contact), 6] ,  G2
c. Dissolved Oxygen: The dissolved oxygen shall not be less than 2 mg/1 
w ith in  the mixing zone.
A l l
TESTING PROCEDURES
A ll methods o f sample co lle c tio n , preservation, and analysis used 
in  applying any o f the rules and regulations in these standards shall be 
in  accordance with those prescribed in Standard Methods fo r the Examina­
tio n  o f Water and Wastewater, Thirteenth Edition, or any subsequent edi­
tion  or other generally accepted procedures approved by the Oklahoma 
Water Resources Board.
TABLE A l
B E N E F IC IA I WATER USES
S egm ent 1 -B
Stream A B Cl Cg D E Fl F2 Cl 62 H I J K
Special
Desiqnations
Lower I l l in o is  River: 
headwaters Robt. S. Kerr 
res. to T e n k ille r Dam
X X X X X X X X a
Uper I l l in o is  River: 
T e n k ille r Dam to U.S. 
Highway 52 bridge
X X X X X X X X X X
Upper I l l in o is  River: 
above U.S. Highway bridge X X X X X X X a
F lin t  Creek X X X X X X X a
Barren Creek X X X X X X X X X




BENEFIC IAL WATER USES
Segm ent 1-C




mouth to Kansas state 
lin e  ( in c l . a l l lakes) .
X X X X X X X X X
Tar Creek . X X X X X X b
Hudson Creek X X X X X X X (b)
Spring River X X X X X X X X X
Cave Springs X X X X X X X X
Honey Creek X X X X X X a
Ogeechee Creek X X X X X X X X (b)
Horse Creek X X X X X X X X (smz)
Drowning Creek X X X X X X X X
Lost Creek X X X X X b
Big Cabin Creek X X X X X X X X ( smz )
Rock Creek X X X X X X X X
TABLE A l
B E N E F IC IA I WATER USES
Segm ent 1 -C
Stream A B Cl C2 D E h F2 Gl Gg H I J K
Special 
Desi anations
Satina Creek X X X X X X X
Pryor Creek X X X X X X X X (b)
Chouteau Creek X X X X X X X X (b)
Spring Creek X X X X X X X X X
Clear Creek X X X X X X X X
Fourteen Mile Creek X X X X X X X
Ranger Creek X X X X X X X X
Ross Creek X X X X X X X X
Spavinaw Creek 
including Spavinaw Lake 
and Eucha Lake
X X X X X X X a
TABLE
BEN EFIC IAL WATER USES






( L i t t le  Creek - tr ib u ta ry  
o f Tar Creek)
(S u lfu r Creek)
(B it te r  Creek)
(Chelsea Creek)
(Tributary to  Spavinaw 
Greek)
(T ribu tary to  Fourteen 
Mile Creek)
(Muskrat Creek)













B E N E F IC IA I WATER USES
S egm ent 1 -D
stream A B Cl C2 D E Fl F2 Gl Gg H I J K
Special
Desiqnations
Verdigris River: mouth 
to Kansas SE lin e , 
includ ing Oologah
X X X X X X X X X
C a lifo rn ia  Creek X X X X X X X X
Snow Creek X X X X X X X X
Big Creek X X X X X X X X
Salt Creek X X X X X X X X
Lightning Creek X X X X X X X X (b)
Blue Creek X X X X X X X A
Buck Creek X X X X X X X X
Coon Creek X X X X X X X X (b)
L i t t le  Caney River X X X X X X X X (b)
Sand Creek X X X X X X X X
Rabb Creek X X X X X X X X
Caney River: mouth to 
Kansas state lin e X X X X X X X X (smz)
en
TABLE A l
BE NEFIC IAL WATER USES
S egm ent 1 -D
Stream A B Cl C2 D E Fl F2 Gl 02 H I J K
Special
Desiqnations
Birch Cr.eek X X X X X X a (b)
Candy Creek X X X. X X X X X
Hominy Creek X X X X X X X X (smz)
Spunky Creek X X X X X X X X (b)
Dog Creek X X X X X X X X (smz)
Pea Creek X X X X X X X X (b)
Delaware Creek X X X X X X X X
Mingo Creek X X X X X X X X (b)
B ird Creek X X X X X X X X (smz)
Adams Creek X X X X X X X X
Captain Creek X X X X X X X X (b)
Western Branch Creek X X X X X X X X (b)
Unnamed tr ib u ta ry : 
return flow - c ity  o f 
Delaware
X X X X X X b
TABLE
BENEFIC IAL WATER USES
S egm ent 1 -D





(Spencer Creek to 
Oologah Reservoir)
(Mingo Creek)
(F la t Rock Creek)




(Unnamed T ribu tary to 
Caney River (Ochelata))
(Coal Creek)














BENEFIC IAL WATER USES
Segm ent 1 -ft
Stream A B Cl C2 D E Fl F2 C] G2 H I J K
Special
Desiqnations
Arkansas River: mouth 
of Canadian River to 
mouth o f Verdigris
X X X X X X X X X X
Polecat Creek X X X X X X X X (smz)
Snake Creek X X X X X X X X (b)
Broken Arrow Creek X X X X X X X X (b)
Cloud Creek X X X X X X X X (b)
Coody Creek X X X X X X X X
Sand Creek X X X X X X X X (b)
D irty  Creek X X X X X X X X (b)
Greenleaf Lake & Creek X X X X X X X X
Bayou Manard Creek X X X X X X X X
Pe.can Creek X X X X X X X X
Ash Creek X X X X X X X X
TABLE
B EN EFIC IAL WATER USES





(Unnamed T ribu tary o f 
Arkansas River one m ile 
from confluence)
(Childers)
(D irty  Creek (south))
(No Name Creek to  Polecat 
Creek (Sapulpa))
(No Name Creek to Arkansas 
River (Tulsa))
(Cherry Creek)
(No Name Creek to  Arkansas 
River (Muskogee))














WATER QUALITY C RITERIA
Minerals Bacteri a 
exceed a










geometric mean o f: Units : exceed:
Sample Yr.X Sample Yr.X Sample Yr.X 200/100 1000/100
Lower I l l in o is  River 
(near Gore)
1-B
17.2 12.1 15.9 12.5 144 127 X 10 68° 6
Upper I l l in o is  River 
(T e n k ille r dam to US 
bridge) 1-B
X 10 84 6
Upper I l l in o is  River 
(above US hwy bridge) 
1-B
X 10 84 6
F lin t  Creek 1-B X 10 84 6
Barren Creek 1-B X 10 84 6
Caney Creek 1-B X 10 84 6
TABLE A 2
WATER QUALITY C RITERIA
Minerals Bacteria- 
exceed a








Stream geometric mean o f; Uni t s : exceed :
Sample Yr.X Sample Yr.X Sample Yr.X 200/100 1000/100
Grand Neosho River 
(near Commerce) 1-C 29 23 109 83 406 336 X 50 90° 5
Grand Neosho River 
(below Ft. Gibson Lake)
1-C
139 120 47 221 195 X 50 90 5
Tar Creek 1-C X 50 90 5
Hudson Creek 1-C X 50 90 5
Spring River 1-C X 10 84 6
Cave Springs Branch
1-C X 50 90 5
Honey Creek 1-C X 50 90 5
Ogeechee Creek 1-C X 50 90 5
Horse Creek 1-C X 50 90 5
Drowning Creek 1-C X 50 90 5










m g /1Chloride Sulfate T.D .S.
not to 
monthly
Stream geometric mean o f: Units : exceed:
Sample Yr.X Sample Yr.X Sample Yr.X 200/100 1000/100
Big Cabin Creek 
(near Big Cabin) 1-C 16 12 192 142 376 300 X 50 90° 5
Rock Creek 1-C X 50 90 5
Salina Creek 1-C X 50 90 5
Pryor Creek at Pryor
1-C 107 69 97 77 390 300 X 50 90 5
Pryor Creek
(below Sulphur Creek
near Pryor) 1-C 158 103 177 131 570 426 X 50 90 5
Chouteau Creek 1-C X 50 90 5
Spring Creek 1-C X 10 68 6
Clear Creek 1-C X 50 90 5
Fourteen M ile Cr. 1-C X 50 90 5
Ranger Creek 1-C X 50 90 5
Ross Creek 1-C X 50 90 5
TABLE A 2









Bacteria: not to 
exceed a monthly 
geometric mean o f:
200/100 1000/100









(inc lud ing  Spavinaw 




Minerals Bacteria: not to 
exceed a monthly








geometric mean o f: Units : exceed :
Sample Yr.X Sample Yr.X Sample Yr.X 200/100 1000/100
Verdigris River 
(near Oologah) 1-D 112 82 275 167 652 475 X 50 90° 5
Verdigris River 
(near Inola) 1-D 106 80 57 45 453 367 X 50 90 5
C a lifo rn ia  Creek 1-D X 50 90 5
Snow Creek 1-D X 50 90 5
Big Creek 1-D X 50 90 5
Salt Creek 1-D X 50 90 5
Lightning Creek 1-D X 50 90 5
Blue Creek 1-D X 50 90 5
Buck Creek 1-D X 50 90 5
Pond Reek 1-D X 50 90 5
Unnamed tr ib u ta ry  
(re turn  flow - 
Delaware) 1-D X 50 90 5
TABLE A 2
WATER QUALITY CRITERIA
Minerals Bacteri a 
exceed a










geometric mean o f: Units; exceed :
Sample Yr.X Sample Yr.X Sample Yr.X 200/100 1000/100
Coon Creek 1-D X 50 90° 5
L i t t le  Caney River 
(near Copan) 1-D X 10 84 6
Sand Creek 1-D X 50 90 5
Rabb Creek 1-D X 50 90 5
Caney River 
(near Ramona) 1-D X 50 90 5
Birch Creek 1-D X 50 90 5
Candy Creek 1-D X 50 90 5
Hominy Creek 1-D X 50 90 5
Spunky Creek 1-D X 50 90 5
Dog Creek 1-D X 50 90 5
Pea Creek 1-D X 50 90 5


























Bacteria: not to 
exceed a monthly 






















WATER QUALITY CR ITER IA





mg/1Chloride Sulfate T.D .S.
1 u { u 1 u 1 uy 
Jackson not to
Stream geometric mean o f: Uni t s : exceed:
Sample Yr.X Sample Yr.X Sample Yr.X 200/100 1000/100
Arkansas River 
(a t Sand Springs) 1-A 860 665 172 139 1876 1487 X 50 93° 5
Polecat Creek 1-A X 50 90 5
Snake Creek 1-A X 50 90 5
Broken Arrow Cr 1-A X 50 90 5
Cloudy Creek 1-A X 50 90 5
Coody Creek 1-A X 50 90 5
Sand Creek 1-A X 50 90 5
D irty  Creek 1-A X 50 90 5
Greenleaf Lake 
and Creek 1-A X 50 90 5
Bayou Manard Cr 1-A X 50 90 5
Pecan Creek 1-A X 50 90 5
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\  (0 \  (u\  S- \ \Water \  
Quality \  
Parameters X
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Temp (°C) 16 7 16 13
pH (Max/Min) 8 .3/6.8 9.1/6.9 8 . 6 / 7 . 4 9.9/7.0 9 . 4 / 6 . 8 8.4/7.0
Color (Units)
Turb id ity  (JTU)
BOD 13
DO
Hardness 169 197 205 191 0.77 188
A1 ka li n ity 102 121 116 121 110 122
Chloride 100 149 181 117 55 51
Sulfate 41 26 31 31 33 59
Fluoride
N itra te 14 1 1 2 3 1
Total
Phosphate 7 0.45 0.77 0.15
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M ain S tream s




S- 3 O cu ro i> Û- r—
•P“ fOCd 3 O'cnC S-
S- CU Q. C 00 "—




O -r- > 1—
^  Î-
^  (U .1— c oLu-^s:
C d>̂>O CU (_)^  r— 1 (/) 0> r—0 C CU rO z:1"O uC n3(O cu s- c
a i 3 fO O <UJC -P 1 3 I—0 o
É 51■O L. c fd(d <u S- c C£3 _
c ^  oCd Kfi
o *r- o  x: CD 1 in i—0 •cu -P
Z  Ll .
1XJ S- C  fO(d cu S- c CD '
pH (Max/Min) 7 .4/6.5 7.5/6.0 7.9/6.5 7.7/6.0 7.7/6.0 7.6/ 6 .5
Specific  Con­
ductance (micro­
mhos a t 250C) 323 357 229 250 240 230
Color (Units) 9 39 8 20 19 27
T urb id ity  (JTU) 20 102 4 17 23 24
BOD 15 2 2 2 2 2
COD 13 28 27 9 10 10
Hardness 140 196 111 107 107 56
A lk a lin ity 104 89 118 97 97 90
Chloride 7 12 5 11 9 9
Sulfate 38 , > 44 7 30 24 27
Fluoride 0.28 0.3 0.16 0.16 0.17 0.12
N itra te 1 0.55 0.77 0.76 0.40 0.66
Ortho Phosphate 0.16 0.02 0.04 0.06 0.26 0.06
TDS 172 233 168 177 167 165
TSS 55 229 28 26 98 91
Cd </ 0.1 <  0.1 <  0.1 <  0.1 < :  0.1 <  0.1
Ca 41 35 32 31 32 36
Cr ^  0.1 <  0.1 <r 0.1 <  0.1 ^  0.1 C  0.1
Cu <  0.1 0.15 <  0.1 <  0.1 <  0.1 <  0.5
Fe 11 . 6 0.35 1 1 1
Pb <  0.5 0.5 C  0.5 Z  0.5 <  0.5 <  0.5
Mg 6 12 3 6 6 6
Mn 0.24 0.24 0.65 0.11 0.14 0.05
K 4 7 3 4 4 2
Na 8 16 6 8 8 6
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+J cu •t- c 
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• r -  ^  s "O fO • S- (U CCU c m
S-
cu •
>  ^  
•r— t o  QO' CJ> 1
O  I—  
I/)  1—
•*— Os- o  
c n
• I -  i .■a fo L CU CU c 
>  '— -
pH (Max/Min) 7.3/5.3 8 . 1/ 6 .0 . 8 . 1/ 6 .4 8 . 1/ 6.0 8 . 1/ 6 .5 7.8/6.0
Specific Con­
ductance (Micro­
mhos at 25®C) 302 342 497 605 535 314
Color (Units) 162 47 26 44 20 23
Turb id ity (JTU) 107 41 76 47 23 16
BOD 2 3 3 3 1 2
COD 23 30 28 26 11 14
Hardness 121 130 174 206 239 137
A lk a lin ity 106 125 146 157 166 131
Chloride 32 43 46 95 41 21
Sulfate 27 20 25 24 26 24
Fluoride 0.25 0.02 0.25 0.23 0.22 0.16
Nitra te 0.59 0.34 0.29 0.16 0.37 0.31
Ortho Phosphate 0.04 0.42 0.06 0.01 0.04 ND
TDS 186 207 309 346 334 213
TSS 205 38 184 122 59 37
Cd ^  0.1 ^  0.1 0.1 < 0.1 < 0.1 <  0.1
Ca 28 27 30 45 59 34
Cr <  0.1 </ 0.1 ^  0.1 <  0.1 <  0.1 <  0.1
Cu <: 0.1 <  0.5 ^  0.5 < 0.1 <  0.1 <  0.1
Fe 5 2 45 4 31 1
Pb <  0.5 ^  0.5 ^ 0 . 5 < 0 . 5 <  0.5 < 0 .5
Mg 7 9 9 10 13 8
Mn 0.18 0.11 0.31 0.22 0.16 0.12
K 6 5 6 5 4 4
Na 12 21 21 34 16 17
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Quali ty  
Parameters
S -<U
>  - E  r- fO 










mhos at 250c) 403
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pH (Max/Min) 7.6/5.0 7.5/6.5 7.9/6.5 77/6.0
Specific Con­
ductance (Micro- 
mhos at 25°C) 1362 1825 1206 621
Color (Units) 3 66 24 23
Turb id ity  (JTU) 19 182 71 75
BOD 2 4 3 2
COD 13 28 20 14
Hardness 281 289 222 137
A lk a lin ity 170 143 100 99
Chloride 285 383 256 97
Sulfate 118 113 92 51
FIuoride 0.24 0.22 0.19 0.21
N itra te 0.42 0.3 6 0.46
Ortho Phosphate 0.05 0.06 0.12 0.02
TDS 828 713 723 369
TSS 28 575 160 164
Cd <  0.1 <  0.1 < 0.1 <  0.1
Ca 36 44 37 51
Cr 0.1 0.1 < 0.1 0.15
Cu 0.5 0.5 < 0 . 5 < 0 . 5
Fe 1 2 5 7
Pb 0.5 ^  0.5 <  0.5 <  0.5
Mg 18 18 17 11
Mn 0.1 0.1 0.13 0.18
K 7 8 7 6
Na 183 231 236 6
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(U 0  OJ 1
s -  — 0
OJQJ
JZuQJQJcn0
LJ1^  I —(UCUs.CJ
c0
za.
pH 6 .8 6.6 6.2 6.9 7.4 7.2
Temp(°c) 16.0 16.0 16.0 18.0 15.0 17.0
DO 8.0 5.0 4.0 12.0 11.0 12.0
BOD 5.0 7.0 8.0 5.0 4.0 ^  4.0
COD 12.0 25.0 30.0 7.0 5.0 0.4
TDS 210.0 140.0 130.0 155.0 250.0 145.0
Turb id ity  (JTU) 50.0 50.0 125.0 10.0 15.0 25.0
c r 5.0 10.0 10.0 26.0 10.0 13.0
SO4 107.0 36.0 52.0 35.0 36.0 36.0
NO3 1.5 0.7 0.7 1.1 0.3 0 .2
Total N 3.7 3.4 3.1 3.6 0.3 1.7
PO4 0.12 0.09 0.12 0.11 0.11 0.07
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t a b l e  83
INSTREAM QUALITY 
























\  (U \  i-
Water \  
Quality \  
Parameters \
0)





















Q ^  1 (U r—QiS.0
>,c
E03=
pH 6 .8 7.0 6.8 6.3 6.9 6.6
Temp (Oq) 17.0 1.3.0 13.0 14.0 15.0 14.0
DO 10.0 11.0 10.0 10.0 10.0 13.0
BOD 5.0 4.0 5.0 5.0 4.0 5.0
COD 2 2 . 0 13.0 27.0 30.0 26.0 49.0
TDS 2 2 0 . 0 235.0 210.0 175.0 175.0 250.0
Turb id ity  (JTU) 120.0 70.0 150.0 150.0 110.0 240.0
or 26.0 49.0 20.0 13.0 13.0 26.0
so. 72.0 40.0 67.0 50.0 78.0 110.0
N03 0.6 1.1 1.9 1.4 0.9 0.6
Total N 2.6 3.2 2.6 4.9 2.9 4.0























15.0 14.0 13.U 18.0 17.0
12.0




COD 17.0 15.0 37.0 35.0
TDS 230.0 140.0 120.0 180.0 380.0 275.0
Turb id ity  (JTU) 40.0 25.0 60.0 75.0 40.0 70.0
13.0 13.0 10.0 20.0 110.0 13.0
52.0 48.0 45.0 58.0 47.0 55.0
Total N 3.0
0.04 0.07 0.06 0.07 0.07 0.14
b ib
t a b l e  83
INSTREAM QUALITY 
T n bu tsn  6S
\  E XX (U\  s- 
\  +) \Water \  
Q uality \  
Parameters \






















pH 6 .9 6.6 7 .3 6.6 ■ 6.9 6.5
Temp(°C ) 16.0 16.0 17.0 14.0 15.0 15.0
DO 7.0 12.0 12.0 8.0 10.0 9.0
BOD 7.0 4.0 ^  4.0 t 4.0 < 4 . 0 5.0
COD 21.0 10.0 6.0 22.0 5.0 11.0
TDS 285.0 190.0 635.0 407.0 175.0 150.0
Turb id ity  (JTU) 130.0 100.0 30.0 160.0 50.0 100.0
cr 36.0 33.0 38.0 31.0 20.0 8.0
SO4 llU.O 56.0 290.0 199.0 54.0 74.0
NO3 0.9 0.7 0.9 1.0 0.7 0.6
Total N 3.2 0 .8 2.7 3.5 0 .8 3.1
PO, 0.01 0.03 0.1 0.07 0.09 0.01
Ag ^ 0.001 < 0.001
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1-A 1 BIXBV (Tulsa) BOD 430 X
Arkansas River TSS 430
2 BOYNTON (Muskogee) .045 .041 BOD 75 26 7.5 X
Cloud Creek TSS 1008 344
3 BRAGGS (Muskogee) .06 .026 BOD 440 40 95 9 91 7.4 X X
Sand Creek TSS 216 21 47 4.6
4 BROKEN ARROW (Tulsa) 1.0 .715 BOD 233 42 1390 250 82 8.0 X
Broken Arrow Creek TSS 160 9 950 54
5 CHECOTAH (McIntosh) .4 .307 BOD 181 65 463 166.4 64 7.6
Elk Creek TSS 103 47 264 120.32
6 CONNER STATE COLLEGE .08 .06 BOD 28 14 7.6 X
(Muskogee) TSS 94 47
D irty  Creek
7 COWETA (Wagoner) .5 .196 BOD 578 18 944 29.4 97 9.7 X X

































Quantity o f 
Discharge
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1-A 8.5 GLENPGOL (Tulsa)
Total Retention
9 GORE (Sequoyah) .04 .038 BOD 99 31 32 10 68 8.9 X
Arkansas River TSS 96 109 30.3 34.4
10 HASKELL (Muskogee) .69 .165 BOD 240 25 330 34 90 9.9 >:
Arkansas River TSS 312 188 429 259
11 JENKS (Tulsa) .22 .159 BOD 330 53 438 70 84 10.2 X
Arkansas River TSS 108 104 143 138
12 KIEFER (Creek) .04 .064 BOD 77 41 9.4 X
Childers Creek TSS 84 45
13 MOUNDS (Creek) .38 .061 BOD 140 71 7.2 X
Snake Creek TSS 150 76
14 MUSKOGEE (Muskogee) 4 .4 5.5 BOD 370 201 2 16972 9220 46 7.1 X
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Quantity o f 
Discharge
fO >,> u 
0  c  E 0)
q; u
g £CO LU 3Ca.




























































1-A 15 PORUM (Muskogee) .072 .052 BUD 31 13.4 9.3 X
D irty  Creek TSS 84 36.4
16 SAND SPRINGS (Tulsa) .2 .29 BOD 182 76 440 184 58 7.7 X
Arkansas River TSS 127 111 307 268
17 SAPULPA (Creek) 1 . .5 BOD 353 39 1472 168 89 7.2 X
Rock Creek) TSS 240 34 1002 147
18 SAPULPA (Creek) 1.5 1.0 BOD 251 15 2093 125 94 7.8 X X
Polecat Creek TSS 180 50 1501 500
19 TAFT (Muskogee) .055 .042 BOD 170 6 60 2.1 96 7.6 X X
Arkansas River TSS 95 45 33.3 15.8
20 TAFT STATE SCHOOL .2 .08 BOD 130 87 58 33 7.0 X X X
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1-A 21 TULSA (Tulsa) 25 15 BOD 240 140 50000 17505 6.9 X X
Arkansas River TDS 121 54
WAGONER (Wagoner) .4 .75 BOD 205 51 1711 94 6.9 X
Coal Creek TSS 182 85 1138 532
22 WARNER (Muskogee) .2 .08 X
D irty  Creek
WYNONA (Osage) .048 .034 BOD 40 11.3 8.2 X X



















Quantity o f 
Discharge
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1-B ■| STILWELL (Adair) .4 .17 BOD 245 24 347 34 90 7.1 X
Caney Creek TSS 88 10 125 11.5
2 TAHLEQUAH (Cherokee) 1. 1 .5 BOD 168 120 2101 1500 29 6 .7 X X
I l l in o is  River TSS 34 30 425 375
3 WESTVILLE (Adair) .206 .075 BOD - - - - —• - X
Shell Creek
4 WESTVILLE (Adair) .2 .059 BOD 693 90 341 44 87 8 .6 X
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1-C I ADAIR (Mayes) .04 .02 BOD 18 3
B itte r  Creek TSS 28 4.6 9.3 X
2 AFTON (Ottawa) .196 .06 BOD 113 77 56 38 32 6.9 X
Tar Creek TSS 54 27
3 CARDIN (Ottawa) .015 .005 BOD 153 6.4 7.5 X X
Tar Creek TSS 52 7 .3
!5 CHOUTEAU (Mayes) .24 .084 BOD 135 20 94 14 85 10.6 X
Chouteau Creek TSS 148 50 104 45
6 COLCORD (Delaware) .029
Total Retention
7 COMMERCE (Ottawaj .24 .152 BOD 235 55 298 69 77 7.4 X
Tar Creek , TSS 124 61 157 77.3
8 EASTERN STATE HOSPITAL .48 .161 BOD 252 22 338 30 91 6.9 X
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1-C 9 FAIKLAIJD (Ottawa) .075 .04 BOD 192 18 64 6 91 8.2 X
Horse Creek TSS 180 35 60 11.7
10 FAIRLAND (Ottawa) .12 .01 BOD 383 41 32 3.4 89 7.2 X
Ogeechee Creek TSS 90 48 7.5 4
10.5 FT. GIBSON (Muskogee) .12 .113 X
Grand River
12 GROVE (Delaware) .196 .113 BOD 186 61 174 58 6.7 7.4 X
Grove Springs TSS 172 50 162 47.1
13 HULBERT (Cherokee) .08
Total Retention
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15 LOCUST GROVE (Mayes) .24 .055 BOD 65 6 30 2.8 90 9.5 X X
Grand Creek TSS 34 18 15.6 8.26
18 MIAMI 1 (Ottawa) .55 .35 BOD 223 7 651 21 97 7.2 X
Tar Creek TSS 108 2 7 315 7 8 . 8
17 MIAMI 2 (Ottawa) 1.096 .175 BOD 130 2 190 2 . 9 9 8 6.5 X X
Neosho River TSS 124 23 188 33.6
16 MIAMI 3 (Ottawa) .24
Total Retention
19 RICHER (Ottawa) .104 .187 BOD X
Lytle  Creek
20 PRYOR TF (Mayes) .7 .5 BOD 137 54 17 6.8 60 7 . 2 X
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1-C 21 PRYOR (MayesJ .7 .5 BOD 260 55 1084 229 79 X
Pryor Creek
22 QUAPAW (OttawaJ .12 .045 BOD 217 62 81.4 23.3 71 7.5 X X
Spring River TSS 324 38 122 14.3
23 SALINA (Mayes) .072
Total Retention
24 SENECA, MO. .179 .015 BOD 137 54 17 6 .8 60 10. 1 X
Lost Creek TSS 134 116 16.8 14.5
25 SENECA SCHOOL (Ottawa) .035 .012 BOD 150 21 15 2.1 86 9.7 X
Lost River TSS 82 22 8.2 2 .2
26 VINITA (Craig) .936 .93 BOD 231 24 1792 186 90 7.2 X
Big Cabin Creek TSS 178 40 1381 310
27 WELCH (Craig) .045 .057 BOD 240 39 114 18.5 84 8.6 X
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WESTERN HILLS LODGE 
(Cherokee)
Neosho River
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1 -D 1 AVANT ( Osagej .006 BOD 679 578 34 28.9 15 X
Bird Creek
2 BARNSDALL (Osage) .12 .107 BOD 7 6 .2 6 .8 X
Bird Creek TSS 78 69.6
3 BARTLESVILLE-HILLCREST .072 .051 BOD 103 16 43.8 6 .8 84 7.8 >:
(Washington) TSS 148 8 63 3.4
Caney River
4 BARTLESVILLE-1 2.18 2.7 BOD 173 19 3896 428 89 7.8 X >'
(Washington) TSS 162 31 3648 698
Caney River
5 BARTLESVILLE-2 .57 .24 BOD 142 14 284 28 90 7.3 y
(Washington) TSS 204 30 408 60
Caney River
6 CATOOSA (Rogers) .155 .056 BOD 232 18 108 8.4 92 8.4 X
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1-D 4d CHELSEA (Rogers) .17 .13
Total Retention
7 CLAREMOKE ( Rogersj 2.11 1 .28 BOD 275 95 2936 1014 65 7.5 X
Dog Creek TSS 224 128 2391 1366
8 COLLINSVILLE (Tulsa) .55 .3
Total Retention
9 COPAN (Washington) .067 .041 BOD 49 16.8 8.7 X
L i t t le  Caney Rivei TSS 22 7.5
10 DELAWARE (Nowata) .165 .035
Total Retention
11 DEWEY (Washington) .75 .388 BOD 199 27 644 87.4 86 7.5 X
Four M ile Creek TSS 156 47 505 152
12 HOMINY (Osage) .305 .18 BOD 209 50 314 75 76 6.7 X X
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l-D 13 INOLA (Rogers) .057 .069 BOD 358 50 206 29 86 9.5 X
Pea Creek TSS 444 388 256 223
14 NOWATA (Nowata) .319 .296 BOD 256 19 632 47 92 9.2 X X
Western B r. Creek TSS 222 10 548 24.7
15 OCHELATA (Washington) .109 .04
Total Retention
16 OWASSO (Tulsa) .7 .33
Total Retention
17 PAWHUSKA (Osage) 1.039 .308 BOD 121 24 311 61.6 80 8.5 X
Bird Creek TSS 120 76 308 195
19 RAMONA (Washington) .049 .042
Total Retention
18 ROLLING HILLS (Wagoner) .353 BOD 233 20 91 6.7 X
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l-D 20 SKIATOOK (Tulsa) .52 .232
Total Retention
21 SOUTH CÜFFEYVILLE .14 .044 BOD 20 7.3 9.2 X
(Nowata) TSS 100 36.7
Verdigris River
22 SPERRY (Tulsa) .146 .112 ' bod 48 44.8 7.4 X X X
Hominy Creek TSS 36 33.6
24 TULSA (Tulsa) N.S. 11 . 10 . BOD 127 22 10592 1835 8 3 7.2 X
Bird.'.Creek TSS 55 15 4587 1251
2 3 TULSA FLAT ROCK (Tulsa) 4. 5.1 BOD 134 38 5700 1617 72 7.4 X X
Bird Creek TSS 76 69 3233 2 9 3 4
26 TULSA COAL (Tulsa) 4. 3.5 BOD 243 15 7093 438 94 7.4 X X
Bird Creek TSS 230 38 6813 1109
25 TULSA ROSE DEW (Tulsa) .02 .016 BOD 81 1 1 7.8 X
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Three large s ta b iliz a ­
tion  ponds, ra ff in a te  
pond, flu o rid e  c la r i ­
fy ing pond. They are 
in s ta ll in g  submersion 
heaters in the tv/o 
to ta l re ten tion  ponds 
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1-C 2 Grand River Dam Pryor Creek 1.165 PH 1.5 1.5 No treatment. Discharge
Authori ty Grand River is  h igh ly ac id ic  and
V in ita SO. 5850 56839 carries excessive su l­
4 fa te  concentrations.
. an in e ffe c tive  holding
pond is  unlined and
shows evidence of
leeching in to  s o il.
3 ESCOA Corp Pryor Creek .0058 COD 4 .4 .212 Small s e tt lin g  basin
Pryor Grand River plus waste s ta b iliz a ­
Cr .21 0.01 t io n  pond w ith gravel
bottom. Capacity of
NO., 3.6 .174 s ta b iliz a tio n  pond is
O 0.5 mg.
4 Oklahoma Cement Sulphur Cr * *Discharge data fo r
Co. Grand River Okla. Cement Co. is
Pryor Pryor Creek w ithheld pending s e t t l ­
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1-C 5 Midwest Carbide Sulphur Cr .0173 CaCCL 1540 222 Three s e tt lin g  basins
Corp Grand River O and a waste s ta b iliz a ­
Pryor Pryor Creek NO3 2.7 .39 tio n  pond
pH 11 . 11 .
6 Mil not Co. Lost Creek . 108 BOD 21 18.9 Treatment handled by
Seneca, Mo. Grand River 44,000 equalization
COD 95 85.6 tank and 55'X6 ' deep
t r ic k l in g  f i l t e r .




shown is  on e ff lu e n t
from treatment process.
7 Pryor Ind. Con­ Grand River 2 .2 BOD 578 10605 The PICC lagoons are
servation Comm. Arkansas R the f in a l treatment
Pryor COD 233 4275 fa c i l i t ie s  fo r  the
various industries  in
Oil & 3 55 the Pryor in d u s tr ia l
Grease complex. Total lagoon
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1-C 8 B.F. Goodrich Grand River 0 .8 BOD 4 26.7 Treatment consists of
T ire Co. grease skimmer and
Miami Oil & 2 13.3 s e tt lin g  pond. Pond
Grease capacity is 11.2  mg/
Total 338 2255
Solids
9 Eagle F icher,Inc Tar Creek 0.0432 BOD 15 5.4 Treatment handled in
Commerce Grand River 7n 1 9 .0432 3 s e tt lin g  ponds with eto ta l capacity o f 8.35
M cu. fe e t.
10 Peabody Coal Co Lightning Cr 0.05 COD 24 10 No Treatment.
St. Louis, Mo. Verdigris R
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l-D 11 Peabody Coal Co Spencer Cr 0.05 COD 44 18.4 Treatment consists o f
St. Louis, Mo. Oologah Res s e tt lin g  basins.
Oil & 3.0 1.25 Discharge made up of
Grease coal mining and crushet
wastes plus storm run­
SO. 485 202 o f f .  There is  evidence4 of seepage from basins
Total 1644 686
Solids
12 Tulsa Rendering Black Jack C 0.05 BOD 40 16.7 Treatment consists of
Co. Penn Creek skimming and s e tt lin g ,
C o llin s v ille Caney River NH_ 3.2 1.33 2 anaerobic lagoons.j E ffluen t from fin a l
aerobic lagoon used
fo r ir r ig a t io n
13 P h illip s  Petro­ E liza Creek 0.06 BOD 1 .05
leum Research Sand Creek

















































l-D 14 National Zinc Go Eliza Greek 0.5 Gd .26 1.08 Treatment handled by
B a rtle s v ille Caney River s e tt lin g  and oxidation
Cr .4 1.67 lagoon, s e tt lin g  and
n eu tra liza tion  lagoon.




Zn 3.4 14. 18
15] Public Service Verdigris R 1.21 NH. .6 6 .U5 There are four 0.016 me
Go.-NE Station v5 capacity holding tanks
Tulsa Tota I 1.6 16.2 and one Ü.04 mg capa­
P c ity  n eu tra liza tion
basins. Treatment is
TDS 5660 57117 p rim a rily  fo r 1.2 MGD
cooling water.
152 Chandler Mater­ B ird Greek 0.0002 NH.-N 2 .8 3.047 Surface drainage auto-
ia ls  Go. 4 clave b 1owdown
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l-D 15] Kaiser Aluminum No Name Creel' 0.01 Oil & 8 .67 Using s ta b iliz a tio n
& Chemical Corp Mingo Creek Grease ponds. (Lagoons)
Tulsa B ird  Creek
Ba 14 1.17
164 Byron Jackson, Mingo Creek 0.00124 BOD 6 0.06 B o ile r blowdown coolinc
Div or Borg- B ird Creek water & storm water.
Warner Corp Verd igris R COD 19 D. 196 No treatment.
Tulsa
ISg Black, S iv a lls , Mingo Creek 0.018 BOD 1.4 0.21 Two discharge points,.
& Bryson Bird Creek Spent acid is  treated
Tulsa Verd igris R COD 6 0.9 by limestone f i l t r a ­
tion  & pH neu tra liza ­
NH_ 1.96 .29 tio n . No treatment
0 fo r  cooling water.
Oil & 50 .75
Grease
P 4.6 .69
156 Leland Equip­ Mingo Creek 0.00024 BOD 4 .008 Treatment consists o f
ment Co. Bird Creek grease trap , where
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l-D 157 Hathaway Ind. Mingo Creek .003 CN 180 4.5 Treatment consists o f/ Tulsa Bird Creek ch lo rine , NaCU_, sep­
Verd igris R Pb 2.72 .068 t ic  tank & sand f i l t e r
NH -̂N 166 4.15
pH 2.0 2.0
158 American A ir ­ Mingo Creek 0.05 Total 14.7 6.13 Two discharge points:
lin e s , Inc. Bird Creek P #1 Mingo Creek
Tulsa Verdigris R #2 B ird Creek
Oil & n 4.59 No treatment
Grease In jec tion  well?
15g Fram Corp No Name Cree c 0.0394 BOD 74 24.3 Uses a f i l t e r  process
Tul sa Bird Creek to remove so lids and
Verd igris R COD 203 66.7 o il
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l-D 15in Lake Country Mingo Creek 0.0008 BOD 355 2.37 Discharges are e n tire lylU Beverage, Inc B ird Creek cooling & f lo o r  wash
Tulsa Verdigris R COD 3568 24.47 water. No treatment.
O il & 37.5 .25
Grease
pH 7.8 7.8
15n North American Mingo Creek 0.05 Oil & 572 238 No treatment fo r  sur­
Rickwell Corp Bird Creek Grease face discharge o f 0.05
Tulsa Verdigris R MGD. An additional 0.07
3.1 1.29 MGD p la ting  waste is
disposed in to  an in je c ­
tio n  well
1512 McDonnell- Mingo Creek 0.0393 #2B0D 30 9.8 McD-D Corp has 4 d is ­
Douglas Corp/ B ird Creek charging points in to
(Douglas A ir ­ Verdigris R #2C0D 63 19.8 Mingo Creek. Points
c ra ft  Co) #1, #2, & #4 receive
Tulsa #2N0- 5.26 1.72 no treatment. Point #30 receives ch lo rina tion
0.078 #3B0D 50 32.5 & reduction c la r i f ie r ,
' recarbonation, & super
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l-D 15lo Dowel 1, a div of Flatrock Cr 1.2X10^ #1B0D . 7 .007 Discharge occurs a t 21 j Dow Chemical Co. B ird Creek points. Point #1 rece-
Tulsa Verd igris R #IC0D 180 .18 ieves the e ff lu e n t
from the equipment
#1 Oil 1.6 .0006 testing  area. This
&Grease e fflu e n t is  treated
A by one grease trap &
2X10 4 #2800 65 .02 two s e tt lin g  tanks.
Point #2 e ff lu e n t o r i ­
#2C0D 600 1.0 ginates in equipment
washing area & is
#2 Oi 1 111 .19 treated by 2 separator
SGrease tanks to remove o il
& grease.
#2 Totl 686 1 .14
Solids
15. a Bumper Service Coal Creek 0.09 Cr 2.2 .165 Chrome and nickel are14 o f Tulsa, Inc. Mingo Creek prec ip ita ted  by pH
Tul sa Bird Creek CN 0.12 0.09 adjustment. The cya­
Verd igris R nide is  rec ircu la ted
Ni 8.4 5.3 thru system, they are
presently developing











































l -D 15,c Tulsa Chrome Spunky Creek 0 . 0 2 Cr 1.7 0.U3 Treatment i s  a batch1 0 P la t in g  Co. V e rd ig r is  R process (0 .002 MG/
Tulsa SO. 165 2.75 b a tc h ) .  The Cr0„ is4 p r e c ip i t a t e d  & the
COD 71.8 1.19 sludge i s  d isposed o f
by US P o l lu t i o n  Con­
t r o l  . The supe rn a ta n t
is  pumped in to  h o ld in g
ponds & t re a te d  w i th
sodium di s u l f i t e .
pH 12
15.C Yuba Heat T rans­ No Name Creet 0.0074: BOD 20 2.5 Treatment c o n s is ts  o f16 f e r  D iv is io n B i rd  Creek a s ludge & o i l  separa­
Tulsa V e rd ig r is  R COD 124 15.5 t o r  from which the
g r i t  & s i l t  i s  p laced
O il  & 4.6 .68 in to  an o n - s i t e  la n d ­
Grease f i l l ,  and the l i q u i d
is  pumped in to  an
o x id z t io n  lagoon along
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1 -A 1 5 , Coca-Cola B o t t l ­ Storm sewer- 0 . 0 0 0 3 BOD 1 6 1 0 3 9 Discharge c o n s is ts  o f1 7 in g  Co. Arkansas R wash w a te r  from f l o o r
Tul sa COD 3 2 0 . 8 & b o t t l i n g  a rea , and
storm  r u n o f f .
NO3 2 . 4 . 0 0 6
pH 9 . 1 9 . 1
1 5 , „ St. Louis-San Arkansas R 0 . 0 2 1 6 BOD 54 9 . 7 3 Traps are used to  r e ­1 8 Frans isco  RR Co move o i l  & s o l id s  be­
Tulsa COD 8 3 1 4 . 9 5 f o re  d is c h a rg in g  in to
sewer system.
O il  & 4 1 7 . 3 9
Grease
P 2 . 3 . 4 1 4
Warren P e tro ­ Arkansas R 0 . 0 0 3 BOD 6 . 1 5 Discharges in t o  storm
1 9 leum Co. sewer system. No t r e a t ­
Tul sa COD 4 0 1 . ment o f  c o o l in g  w a te r
& b o i l e r  blowdown
Cr . 2 2 . 0 0 6
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Discharges in to  storm 
sewer system. Dis­
charge is  cooling 
tower water.
No Treatment.
Waste stream goes in to  
storm sewer system. 
Interim  permit ex­
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C.E. Natco Co. 
Tulsa
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There are four d is ­
charging points. The 
to ta l combined flow 







û. o  • 



















O  H— 






































pH adjustment & pre­
c ip ita t io n  o f sludge 
in  concrete s e tt lin g  
basin . In s ta l1ing 2 
catch basins to con­
t ro l s p il ls
Po llu tion  problem a- 
rises when drums are 
allowed to fa l l  in to  
Cherry Creek and the 
o iI residue escapes. 
Some p o llu tio n  from 
ru no ff. A ll other 
wastes go in to  under­
ground co lle c tin g  tank 
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1-A 15,c IBM Corp Arkansas R 0.00065 BOD 1 1 .6 No treatment.
Tulsa Discharges in to  storm
COD 59 .319 sewer system.
F 1 .005
1 5 , . Skelly Oil Co. Arkansas R 0.0003 #1 O il 88 .22 No treatment
C D Tul sa &Grease There are 2 discharges
#1 from b o ile r & #2
#1 P 11.1 .028 from cooling tower.
The discharges are
# lTotl 1068 2.67 0 .0 003  MGD & 0.0067
Sol ids MGD respective ly
0 .0067 #2 Cr 4 .224
#2 P 1.35 0.075
#2 Totl 716 40
Soli ds















































1-A 15,7 McMichael Con­ Arkansas R 0.04 BOD 8 2.67 S e ttlin g  basin
c / crete Co.
Tulsa COD 32 10.68
P 2.38 .79
15,a F lin t  Steel Corp No Name Cr 0.0288 COD 5 1.2 B o ile r blowdown &co Tul sa Arkansas R cooling water is  d is ­
pH 7.4 7.4 charged in to  No Name
Creek w ithout any
treatment. The d is ­
charge from the ga l­
vanizing process is
pumped in to  an evapo­
ra tion  lagoon. Plans
are to pump discharges
down an in je c tio n  well
when completed. Galvan­
iz in g  process discharge
amounts to 0.0044 MOD.
15,0 Sun Chemical Co Cherry Creek 0.004 COD 1050 35 No treatment.29 Tulsa Arkansas R Discharge consists of



















































1 - A Texaco, Inc. Cherry Creek 0 . 0 0 0 5 COD 2 2 3 No treatment3 0 Tul sa Arkansas R Discharge orig inates
Oil & 1 1 . 8 from truck washing
Grease area. A gate has been
placed in drainage
ditch to control s p il ls
1 5  , Public Service Arkansas R 0 . 8 4 Cl 2 3 5 0 1 6 4 6 3 Treatment is  attempted3 1 Co.-Tulsa Sta. in  a (0.04 MG capacity)
Tul sa Cr 9.8 68.6 N eutra liza tion  basinCooling water discharge
TDS 3458 2 4 2 2 5 ra te is  0.84 MOD
NO3 1 . 3 9 . 1 1
Total
P
4 . 2 2 9 . 4
1 5 Dupont De Arkansas R 0.04 BOD 2 . 6 6 7 No treatment.
' ^ 3 2 Nemours P las tic Surface runo ff.
Dept. COD 4 6 1 5 . 3 4 Also directed to dra in­
Tul sa age d itch .
Oil & 1 . 3 3 4
Grease
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1-A Dover Corp. Cherry Creek 0 . 0 4 BOD 4 1.33 The only treatment
3 3 Tulsa Arkansas R consists o f grease
COD 123.2 4 1  . 1 traps in s ta lle d  in
discharge lin e s .
F 1 . 1 . 3 6 7
NO3-N .63 . 2 1
O il & 4 1 . 3 3
Grease
Zn . 4 . 1 3 3
15^, Best Car Wash Arkansas 0 .002E BOD 5 4 1 . 3 3 Treatment consists o f
3 4 Tul sa re c ircu la tio n  and
COD 6 7 1 1 4 grease trap.




































1-A 15qr Southwest United Arkansas R 0.2 CN 1.13 No treatment.Jo Industries, Inc. p la tin g  wastes and
Tulsa Cr 2 rinse water are d is ­
charged in to  storm
Ni 1.34 sewer a t three points.
Quarterly, old p la ting
Oil & 3.5 solutions are co llec te :
Grease by US P o llu tion  Control
Inc. and in jected in to
P .88 the Arbuckle limestone
about 1000 gallons per
batch.
15_. Rainbow Baking Arkansas R 0.004 BOD 485 1 6 .2 No treatment.
jo Co. B o ile r blowdown, cool­
Tulsa F 4.67 .5 ing water, and truck
wash water, storm
Oil & 15 .156 runo ff are discharged
Grease in to  storm sewer
15,7 Midwest Marble Arkansas R 0.0053 Total 140 6.19 No treatment.






































1-A 15-0 Safeway Stores, Arkansas R 0.0029 BOD 410 9 .9 2 No treatment.38 Inc. Discharge contains
Tulsa COD 580 14.03 detergents and cold
water from re fr ig e r ­
o n  & 12 .29 ating un its and goes
Grease in to  the storm drain.
P 6 . 4 .155
pH 4 .9 4.9
15-0 Texaco, Inc. Arkansas R 13. BOD 50 542 Treatment consists of39 Refinery an API separator and
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15_g Texaco, Inc. Arkansas R 1.3 TOC 57.1 619 Data co llected Sept.,3y Refinery 1973. Temp, o f e fflu e n t
Tulsa TSS 30 325 was 105 F. Dissolved
oxygen content o f e f­
15.. Sun Oil Co. Arkansas R 5.1 Cl 242 10293 flu e n t is  0. The tu r ­4U Refinery b id ity  o f sample was
Tulsa COD 950 40407 55 JTU. Treatment con­
s is ts  o f an API separ­
NH.-N 35 1489 ator and a ir  f lo ta t io n
6 device. Sun is  current­
pH 8.5 8.5 ly  in s ta ll in g  an a c t i­
vated sludge treatment

















































1-A AMOCO Produc­ Arkansas R 0.005 COD 4.2 .175 No treatment.
41 tion  Co. Domestic and labora­
Tulsa Total 147 6.13 to ry  wastes go in to
Solids Tulsa Municipal System.
Storm runo ff and cool­
( 0.00005 CN .14 .00006 ing water discharged
( to storm drain. 50
Hauled by( F 2 .5 .001 gallons per month of
Consoli -  ( solvent o i ls ,  etc are
dated ( O il & 10.4 .004 co llected by Consoli­
Cleaning ( Grease dated Cleaning Ser­
Service ( vice Co.
Co. ( Zn .12 .00005
15., Public Service Arkansas 12.96 Total 700 75660 Treatment handled 5.98
42 Co. o f Okla. Solids MG capacity s e tt lin g
Tulsa basin
15._ Public Service Arkansas R 2.514 Cr 18.5 388 A ll waste steams are
43 Co. o f Okla. combined in a neutra­
Riverside P 2.6 54.5 l iz in g  basin and d ir ­
Tulsa e c tly  discharged in to







































1-A 15.. Oral Roberts Fred Creek 0.00576 COD 13.8 .66 No treatment o f44 University Arkansas R cooling water.
Tulsa N03 .7 .034
Total P 2.6 .12
Zn .5 .024
15.C Carnation Co. Arkansas R 0.0005 BOD 150 .0625 No treatment fo r  d is ­43 Tulsa charge from f lo o r  wash
COD 965 4.02 water and b o ile r blow­
down:.
NO3 1.2 .005
16 Sierra Coal Co. Arkansas R 0.22 COD 150 275 The company discharges
Porum D irty  Creek only when draining the
SO. 300 550 mine f lo o r .  Therefore,4 the discharge rate var­
TDS 800 1468 ies from 0 to 0.22 MGD.
The data shown re fle c ts
TSS 200 367 the maximum discharge.
TABLE NO. D
INDUSTRIAL DISCHARGE INVENTORY
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17 Je ffrey  Sand Co Arkansas R 0.35 TSS 450 1314 Je ffrey  Sand Co.
Ft. Smith, Ark. dredges the Arkansas
River from r iv e r  m ile
303 to 359.3. There is
no treatment.
18 Commander M ills , Arkansas R 0.193 BOD 375 604 At present there is  no
Inc. treatment. Plans are tc
Sand Springs COD 510 821 t ie  in to  the Sand
Springs municipal sys­
tem when completed.
19 Southwestern Arkansas R 0.0173 Ni 3.3 .47 At present no treatment
Porcelain, Inc Plans are to t ie  in to
Sand Springs SO, 240 34 Sand Springs municipal
4 system when completed.
pH 4.1 4.1
20 Pedrick Labora- Arkansas R 0.0015 BOD 165 Treatment presently is
to r i es a s e tt lin g  basin.
Sand Springs COD 242 Plans are to t ie  in to
the Sand Springs mun­
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con t inued :
1-A 20 Pedrick  Labs Arkansas R 0.0015 O il  & 882
Sand Springs Grease
21 Fi b e rç a s t  Co. Arkansas R 0.01 BOD 113 9.42 No t re a tm e n t .
Sand Springs W i l l  t i e  in t o  Sand
COD 392 32.7 Springs m un ic ipa l
system when completed
T o ta l 5865 489
S o lid s
22 I n te r s ta te Arkansas R 0.00023 BOD 140 .27 Grease t ra p  w i th
E le c t r i c  Co ,Inc e f f l u e n t  t i e d  in to
Sand Springs COD 1309 2.51 Sand Springs storm
sewer.
O il  & 180 .34
Grease
P 42 .08
To ta l 1723 3.3
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L iberty  Glass 
Co.
Sapulpa
B a r t le t t-  
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Treatment consists o f 
s e tt lin g  basins and 
o il & grease separator. 
At time tha t sample 
was taken there was a 
broken lin e  to the 
separator. This has 
since been repaired.
Treatment consists of 
" In f l ic o  S e d i- flo to r"  
c la r i f ie r  and s e tt lin g  
vats.
Company is  a batch 
treatment fo r water. 
Discharge is  0.63 MGD 
every 2 weeks or an 










































1-A 26 Anchor/MULCO Arkansas R 0.768 Cl 622 3984 No treatment.
Concrete Co.




27 Arkhola Sand & Arkansas R 2.34 pH 1.5 1.5 Treatment handled by 3
Gravel Co. lagoons. pH n e u tra li­
Muskogee TSS 344 zation.
28 Arkhola Sand & Nameless Cr 2.898 pH 3-8.4 No treatment, only re­
Gravel Arkansas R tention  dikes a t point
Muskogee TSS 412 9958 o f dredge discharge.
pH varies between 3 to
8.4
29 Corning Glass No; 1 Name Creek 0.45 Oil & 15.6 58.54 Oil is  skimmed and










































30 Sw ift & Co. Arkansas R 0.001 BOD 79 .66 No treatment.
Dairy, Pou ltry , Discharge is  made up




Total 312 2 .6
' Solids
31 Fansteel Metals Arkansas R 0.4 BOD 274 914 Waste s ta b iliz a tio n  and
Muskogee neu tra liza tion  is
COD 312 1041 handled by onsite la ­
goons, discharge data
F 30.9 103 shown as combined
stream from both la%_.
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Oklahoma Gas & 
E le c tr ic  Co. 
Muskogee
Arkhola Sand & 
Gravel Co. 
Muskogee
I— I LULU cs: O H- 














































Treatment by o i l  separ^ 
ator u n it. Sludge 
hauled by contract.
No treatment
Two s e tt lin g  basins o f 
15 MG capacity.each. 
Operating load is  es­
timated load.
APPENDIX E
MUNICIPAL WASTE LOAD ALLOCATIONS
TABLE E








Q) d)IIoo z »—1 O)&l2: z Q s / Q eMGD mg/1 lbs/day kg/day mg/1 lbs/day kg/day
1-A 1 BIXBV
Arkansas River
130/.329 30 82.32 34.34 30 82.52 37.34
2 BOYNTON
Cloud Creek
0.0/.041 20 6.84 3.10 30 10.25 4.66
3 BRAGGS
Sand Creek
0.0/.026 20 4.33 1.97 30 6.51 2.95
4 BROKEN ARROW
Broken Arrow Creek
0.0/1.131 20 188.48 85.49 30 282.98 128.36
5 CHECOTAH
Elk Creek
0.0/.307 20 51.21 23 .7 7 30 76.81 34.91
6 CONNER STATE COLLEGE 
D irty  Creek
0.0 /.08 20 13.34 6.05 30 20.02 9 .0 8
7 COWETA
Coweta Creek




Unnamed tr ib u ta ry  o f 
Arkansas River one 
m ile from confluence
0.0/.065 20 10.84 4.92 30 16.26 7 .3 8
TABLE E








(D eu e JD en s O) 3 to 2 :
CJ
z
Q s / Q e
MGD mg/1 lbs/day kg/day mg/1 lbs/day kg/day
1-A 10 HASKELL
Arkansas River
130/.217 30 54.29 . 24.63 30 54.29 24.63
11 JENKS
Arkansas River
130/.238 30 59.55 27.01 30 59.55 27.01
12 KIEFER
Childers
0.0/.084 20 14.01 6.36 30 21.02 9.53
13 MOUNDS
Snake Creek
0.0/.93 20 155.12 70.36 30 237.69 105.54
14 MUSKOGEE
Arkansas River
1300/6.2 30 1551.24 703.63 . 30 1551.24 703.63
15 PORUM
D irty  Creek(South)
0.0/.066 20 11.01 4.99 30 16.51 7.49
16 SAND SPRINGS
Arkansas Kiver
130/. 59 30 147.62 66.96 30 147.62 66.96
17 SAPULPA
Rocki;Creek
.29/58 20 96.74 43.88 30 145.12 65.82
18 SAPULPA
Polecat Creek
.77/1.16 20 193.49 87.76 30 290.23 131.65
TABLE E
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MUNICIPAL WASTE LOAD ALLOCATION
+j 
c  S- 
O) OJ
a- =5 CO sr
Q  S- M ai








I l l in o is
WESTVILLE
Shell
. 5 9 / . 3 4 3  
7 6 .0 5 /1 .9 7
1 . 1 9 6 / . 3
Duration
Ratio






































01 3 OO z:
1—1 ai 
Q.’e03 3S zr
Q s /Q e
MGD mg/1 lbs/day kg/day mg/1 lbs/day kg/day
1-C 1 ADAIR
B itte r
0.0/.036 20 6.0 2.72 • 30 9.01 4.09
2 AFTON
Horse
.12/.087 20 14.51 6.58 30 21.77 9.87
3 CARDIN
Tar
.12/.007 20 1.75 .79 30 1.75 .79
4 CHELSEA
Pryor
0 .0 /.16 20 26.69 12.11 30 40.03 18.16
5 CHOUTEAU
Chouteau
0.0/.131 20 21 .85 9.91 30 32.78 14.87
6 COLCORD
Tribu tary to Spavinaw
0.0 /.05 10 4.17 r.89 ♦ 30 12.51 5.67
7 COMMERCE
Tar
.12/.219 20 36.53 16.57 30 54.79 24.85
8 EASTERN STATE HOSPITAL 
Bui 1
0.0/.197 20 32.86 . 14.90 . 30 49.29 22.36
9 FAIRLAND
Hudson
0.0/.057 20 9.51 ■ 4.312 30 14.26 6.47
TABLE E










(U 3  V I z
t—1 O)
Q . " i fC 3s: z
Qs/Qe
MGD mg/1 lbs day kg/day mg/1 lbs/day kg/day
1-C 10 FAIRLAND
Ogeechee









Wolf Creek from 
Grand Lake
HULBERT
Tribu tary to 

















.68/.488 20 81.40 39.92 30 122.10 55.38
15 LOCUST GROVE
Grand Creek
0.0/.095 20 15.85 7.19 30 23.77 10.17
16 MIAMI (1)
Tar Creek
.12/. 539. 20 89.91 40.78 30 134.86 61 .17
17 MIAMI (2)
Neosho River
266.5/.275 30 68.81 31.21 30 68.81 31.21
TABLE E










OJ 3  m Z:
w  (U
Cl '% « 3s; z
Qs/Qe
MGD mg/1 lbs/day kg/day mg/1 lbs/day kg/day
1-C 18 MIAMI (3)
Neosho River
266.5/.35 30 87.57 39.72 30 87.57 39.72
19 PICHER
L y tt le  Creek 
Tribu tary o f Tar Cr.
.187/.253 20 42.20 19.14 30 63.30 28.71
20 PRYOR (TF)
Pryor
0.0/.799 20 133.27 60.45 30 199.91 90.68
21 PRYOR
Pryor
0.0/.799 20 13.27 60.45 30 199.91 90.68
22 QUAPAW
Spring River
99.85/.069 30 17.26 7.83 30 17.26 7.83
23 SALINA
Salina
20 30.19 13.69 30 45.29 20.54
24 SENECA (Mo)
Lost Creek
0 .0 /.05 10 4.17 1.89 30 12.51 5.67
25 SENECA SCHOOL
Confluence w ith Grand 
Lake
90/.015 20 2.50 1.13 30 3.75 1 .70
TABLE E
MUNICIPAL WASTE LOAD ALLOCATION
+jc s-(U O)
QJ =3 t/7 :



















L i t t le  Cabin Creek

































(U 3  CO Z:
1-1 0)
Q . 'iIl 3%: z
Q s /Q e
MGD mg/1 lbs/day kg/day mg/1 lbs/day kg/day
l-D 1 AVANT
Bird Creek
1.22/.042 30 10.51 4.77 30 10.51 4.77
2 BARNSDALL
Birch Creek
0.0 /.15 20 25.02 11.36 30 37.53 17.02
3 BARTLESVILLE
H illc re s t
.78/.240 20 40.03 18.16 30 60.05 27.24
4 BARTLESVILLE (1)
Caney River
.78/2.6 20 433.68 196.71 30 650.52 297,07
5 BARTLESVILLE (2)
Caney River
.78/.33 20 55.04 24.97 30 82.57 37.45
6 CATOOSA
Spunky Creek
0.0/.10 20 33.36 15.13 30 14.01 6.36
7 CLAREMORE
Dog Creek
.75/1.34 20 223.51 101.38 30 335.27 152.08
8 COLLINSVILLE
Horsepen Creek
0.0 /.10 20 16.68 7.57 30 25.02 11.35
9 COPAN
L i t t le  Caney River
0.0/.055 20 9.17 4.16 30 13.76 6.24
TABLE E
MUNICIPAL WASTE LOAD ALLOCATION











a > " E
Qs/Qe
MGD mg/1 lbs/day kg/day mg/1 lbs/day kg/day
l-D 1 0 DELAWARE:
Captain Creek
0.0/.035 20 5.84 2.65 30 8.76 3.94
1 1 DEWEY
Coon Creek
0.0/.39 20 65.05 29.51 30 97.58 44.26
12 HOMINY
Claremore Creek
0.0/.22 20 36.70 16.65 30 55.04 24.97
13 INOLA
Pea Creek
0.0 /.1 20 16.68 7.57 30 25.02 11.35
14 NOWATA
Western Branch Creek 0.0 /.32 20 53.38 24.21 30 80.06 36.32
15 OCHELATA
Unnamed tr ib u ta ry  to 
Caney River
0 .0 /.04 20 6.67 3.03 30 1 0 . 0 1 4.54
16 OWASSO
Bird Creek 1 . 2 8 20 46.70 21.18 30 70.06 31.78
17 PAWHUSKA
Bird Creek
1.3/.41 20 68.39 31.02 30 259.95 118.16
18 ROLLING HILLS
Spunky Creek
.149/.254 20 42.37 19.22 30 63.55 28.83
TABLE E
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MOD mg/1 lbs/day kg/day mg/1 lbs/day kg/day
1 - 0 19 RAMONA
Double Creek
0.0/.001 20 .17 .07 30 .25 .11
20 SKIATOOK
Bird Creek
1.3/.23 20 38.36 17.40 30 102.58 46.53
21 SOUTH COFFEYVILLE
Verdigris River
7.41/.056 30 14.01 6.36 30 14.01 6.36
22 SPERRY
Hominy Creek
.06/1.3 20 216.84 98.36 30 325.26 147.54
23 TULSA FLAT ROCK
Bird Creek 1.3/7.8 20 1301.04 590.14 30 1951.56 885.21
24 TULSA NORTH SIDE
Bird Creek
1.3/13.4 20 2235.12 1013.83 30 3352.65 1520.75
25 TULSA ROSE DEW
Spunky Creek
.149/.24 20 40.03 18.16 30 60.05 27.24
26 TULSA COAL CREEK
Bird Creek
1.3/4.1 20 683.88 310.20 30 1025.82 465.30
27 WAGONER
Coal Creek
0.0/.87 20 145.12 65.82 30 217.67 98.74
TABLE E
MUNICIPAL WASTE LOAD ALLOCATION
c s-0) (U
OJ 3 co -















0 . 0 / . 0 5 2 20 8.67 3.93 30 13.01 5 .90
APPENDIX F 
INDUSTRIAL WASTE LOAD ALLOCATION
TABLE F
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1-C 3 Escoa Corp. 
Pryor








9 Eagle Ficher Ind. 
Inc. Commerce
Tar Creek .12/.0432 20 7 3 30 1 0 . 8 4.91 Zn 1.2 .43 . 2
7 Pryor Ind. 
Conservation Comm 
Pryor
Grand River 264/2.2 250 4583 2079 150 2750 1250
6 Mil not Co. 
Seneca, Mo.
Lost Creek 2.99/.108 20 18 8 30 27.0 12.3
8 B. F. Goodrich 
Mi ami
Grand River 88.4/.08 30 20 9 30 20.0 9.08
5 Midwest Carbide 
Corp. Pryor
Sulphur Creek 0.0/.017 - - NO3 2.7 .383 .174
4 0kla. Cernent Co. 
Pryor
Sulphur Creek 0 .0 / -
TABLE F































1-D 154 Byron Jackson, 
Div. o f Borg- 
Warner Corp. 
Tulsa
Mingo Creek 0.0/.00124 20 1 0.5 30 .31 .14 -
156 Leland Equipment Co., Tulsa
Mingo Creek 0.0/.00024 20 1 0.5 30 .06 .03 -
15lO Lake County Beverage Co.,Inc. 
Tulsa
Mingo Creek 0.0/.0008 20 1 0.5 30 .20 .09 -
15i 3 Dowell, Div. o f Dow Chem. Co. 
Tulsa
F la t Rock Creek 3.0/ .00012 20 1 0.5 30 .03 .014 -
15i 6 Yuba Heat Trans­fe r  D ivision 
Tulsa
No Name Creek 
to B ird Creek
3.0/.0074 20 1 0.5 30 1.85 .84 -
1512 McDonnel1-Dougl as 
Corp. Tulsa
























































1-D 1512 McDonnell-Douglas Corp., Tulsa
Mingo Creek #4 0.0/.344 20 57 26 30 86.0 39.0 F 1.0 2.87 1.30
11 Peabody Coal Co. 
St. Louis, Mo.
Spencer Creek to 
Oologah Res.
0.0/.05 10 4 2 30 12.51 5.6 -
10 Peabody Coal Co. Lightning Creek 0.0/.05 20 8 4 30 12.51 5.6: -
15s American A irlin e s  
Tulsa
Mingo Creek 0.0 /.05 - - P 10 4.17 1.89
15] Public Service Co 
N.E. S tation 
Tulsa








15? Hathaway Ind. 
Tulsa












15g Fram Corp., Inc. 
Tulsa
Mingo Creek 0.0/.0394 20 6 3 30 9.86 4.4Î 1 Cr 0.1 .03 .015
CO
TABLE F

































1-D 1514 Bumper Service of Tulsa, Inc. 
Tulsa












13 P h illip s  Pet. Co.
Research
B a rtle s v ille
E liza Creek .8 /.06 20 10 4.5 30 15 6.8 P 16 .08 .036
1515 Tulsa Chrome 
P lating Co. 
Tulsa
Spunky Creek 0.0/0 .5 20 1 0.5 30 .5 .23 Cr .1 .002 .001
14 National Zinc Co. 
B a rt le s v ilie
















12 Tulsa Rendering 
C o llin s v ille
Blackjack Creek 0.0/.05 20 8 4 30 12.5 5.69 NH3 .47 .2 .09
TABLE F









CO 4-> C (U 
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1-D 15g Chandler Material 
Tul sa








'=5 Black Sivals & Bryson Tulsa
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l - A 1^26 Skelly Oil Co. Tulsa




















23 L iberty  Glass Co. 
Sapulpa
No Name Creek to 
Polecat Creek to 
Arkansas River
0.0/.008 20 1 0.5 30 2.0 .91
24 B a r t le t t  Collins 
Co. Sapulpa
Rock Creek .44/.072 30 18 8 30 18.0 8.17 -
1^43 Public Service Co., Tulsa
Arkansas River 130/12.96 30 3242 1470 30 3242 1417 -
19 Southwestern Por­
ce la in , Inc.
Sand Springs
Arkansas River 130/.0173 Ni 3.3 .476 .216
20 Pedrick Labs 
Sand Springs
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Oral Roberts Univ 
Tulsa












1533 Dover Corp. Tulsa












1543 Public Service Co Arkansas River 130/2.514 Cr 2.59 54.2 24.6
Riverside, Tulsa P 2.6 54.2 24.7
1 5 4 1 AMOCO Production 
Co., Tulsa
Arkansas River 130/.005 30 30 CN
F
Zn
1531 Public Service Co 
Tulsa
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l-A 30 S w ift & Co. 
Dairy, Poultry 
Muskogee












1538 Safeway Stores, In c . , Tulsa
Arkansas River 130/.0029 300 7 3 150 4.0 2.0- P 6.4 .16 .07
33 0. G. & E 
Muskogee
Arkansas 1300/108 30 27022 12257 30 27022 12257 NO3 .75 676 306
16 Sierra Coal Co., 
Porum
D irty  Creek 0.0/.22 2 0 37 17 30 55.0 25.0 -
1528 F Iin t Steel Corp., Tulsa
No Name Creek to 
Arkansas River
0.0/.029 2 0 5 2 30 7.26 3.29 -
15*29 Sun Chemical Corp. Tulsa
Cherry Creek 0.0/.004 2 0 1 0.5 30 1 . 0 .45 -
15*30 Texaco, Inc. Tulsa
Cherry Creek 0 . 0 / 0 . 1 2 0 1 0.5 30 .25 .11
co
TABLE F




























l-A 26 Anchor/Amulco 
Concrete Co. 
Jenks
Arkansas River 130/.768 30 192 87 30 192 87.2 -
28 Arkhola Sand and 
Gravel, Muskogee
No Name Creek to  
Arkansas River
0.0/2.898 20 483 219 30 725 329 -
1532 Dupont Denemurs 
P las tic  Dept. , 
Tulsa
Arkansas River 130/.04 30 10 5 30 10 4.54 P 1.45 .484 .219
1535 Southwest United In d ., Inc.
Tulsa
















1^39 Texaco, Inc. 
Refinery, Tulsa
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l-A 17 Jeffrey Sand Co. 
Ft. Smith, Ark.
Arkansas River 1300/.35 30 88 40 30 87.6 39.7 -
1 5 4 0 Sun O il Co.
Refinery
Tulsa








31 Fansteel Metals 
In c . , Muskogee












1523 Ozark Mahoning Co 
Tulsa
B e rryh ill Creek 
to  Arkansas R.








25 Barkwater Systems 
Div. o f Gulf O il 
Sapulpa
Polecat Creek .77/.045 30 11 5 30 11 5
1536 Rainbow Baking Co, 
Tulsa
Arkansas River 130/.004 450 15 7 150 5 2.3 F 4.67 .156 .071
1534 Best Car Wash Tulsa
Arkansas River 130/.0025 50 1 0.5 50 1 0.5
■
TABLE F
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MATHEMATICAL MODELS FOR BOD 
ASSIMILATIVE CAPACITY
G1
MATHEMATICAL MODELS FOR BOD 
ASSIMILATIVE CAPACITY
As stated in  the te x t o f th is  paper, the o rig ina l model fo r  BOD assi­
m ila tiv e  capacity was proposed by Streeter and Phelps in  1925, and sub­
sequently expounded upon by Phelps in  1944. This appendix w i l l  l i s t  various 
additions and improvements to  the model which have been proposed by various 
investiga to rs  since the o rig in a l work was published. While the material 
given below is  not necessary to the use o f the model presented in  the te x t, 
the m aterial in  th is  appendix should give the interested reader a bette r 
understanding o f the complex reactions represented by the model.
An extensive search o f the lite ra tu re  re la tive  to mathematical modeling 
o f BOD ass im ila tive  capacity has been made by the Washington o ff ic e  o f the 
U.S. Environmental Protection Agency and c ircu la ted  in  d ra ft form under the 
t i t l e .  Analytica l Techniques fo r  Waste Load A llocation in  Water Quality 
Lim ited Segments. This paper was intended to serve as guidance in  selecting 
models appropriate to  the data base available. Models were grouped in to  three 
types: A, B, and C, according to  th e ir  level o f sophistication. The part o f 
the document dealing w ith flowing streams is  exactly suited to  the purpose 
o f th is  study and is  included below with only s lig h t m odifications.
Flowing Streams. Type A.
This technique might be used to study various parameters when 
there is  a re la tiv e ly  small amount o f instream of waste source data or
G2
when a rough analysis is  required w ith in  a short time frame.
The approach ignores or combines certa in  phenomena, but may­
be re la t iv e ly  accurate i f  the assumptions involved in  the de­
r iv a tio n  are va lid  in  re a lity .  The primary assumptions are;
1) The flow  is  one-dimentional. This re s tr ic t io n  means 
th a t a l l  flow properties: ve lo c ity , cross-sectional 
area, depth, temperature, e tc. vary only in  the 
long itud ina l d irec tion  (x ), and not in  the trans­
verse or ve rtica l d ire c tion .
2) Flow properties, flow  ve lo c ity , area, e tc. are assumed 
to  be constant over each computational segment measured 
in  the long itud ina l (x) d irec tion . However, d if fe re n t 
values o f these properties can occur from segment to  
segment.
3) The flow is  steady s ta te . This re s tr ic t io n  requires th a t 
a ll flow  properties and concentrations are constant w ith 
time a t any fixed position  in the stream.
4) Dispersion is  n e g lig ib le . This re s tr ic t io n  implies tha t 
advection is  the only s ig n ific a n t transport mechanism 
occurring and tha t "plug flow" without long itud ina l mixing 
(dispersion) characterizes the model as the water flows 
downstream.
5) Carbonaceous and nitrogenous BOD are combined in to  one term 
and degraded by f irs t-o rd e r  time-tables. .
Making use o f the above f iv e  assumptions and assuming the f i r s t -  
order decay o f a sing le , non-conservative substance, the f i r s t  con­
centration o f BOD as a function o f longitudinal distance (x) can be
described in  a segment w ith a stream ve lo c ity , U, as a f i r s t  order 
d if fe re n t ia l equation o f the form:
ê  °  " h  Ï Ï
The so lu tion  o f which is :
Z(x) = (A-1)
Where: Z = I n i t ia l  concentration u ltim ate combined BOD
a t an in i t ia l  reference po in t,
Z(x) = BOD remaining a t a distance x downstream o f 
o rig in  (x = 0 )
k-j = F irs t order combined deoxygenation ra te  constant
e = Base o f the natural logarithm
U = Constant stream ve lo c ity  in  region 0 ^ x 4 x
I t  w i l l  be noted tha t in  the form o f the equation shown here
and in  Type B models the time does not appear e x p lic it ly ,  but only
appears in  the exponent in  the form Since the v e lo c ity , U, is  the
assumed constant over the computational segment, the equation is  often
w ritte n  as:
Z (t)  = Z^e-k lt
w ith time appearing e x p lic it ly ,  which is  the form o f the 
Streeter-Phelps model used in  the te x t.
In the absence o f instream data the rate constant, k^, may be 
taken from the lite ra tu re . Consideration should be given to  the basic 
cha rac te ris tics  o f d iffe re n t types o f wastes.
The aeration rate constant, k^, may be determined by means o f
a
several d iffe re n t re la tions . Many o f the re la tions can be put in  the 
fo llow ing  form:
64
k = ( f t-2)a
Where: = f i r s t  order reaeration rate constant
a
U = stream ve lo c ity  (mean)
H = Stream depth (mean)
The values o f U and H may be estimated or computed from the mea­
sured flow  w ith regression constants given in  the lite ra tu re . C oeffi­
c ients B, c, and b can be obtained from O'Connor and Dobbins^,
2 3C h u rch ill, e ta l , or Langbein and Duram .
In modeling the dissolved oxygen in  a stream, th is  approach
considers only the replenishment o f DO from atmospheric reaeration
and the u t i l iz a t io n  o f DO associated w ith the oxidation o f the
combined BOD. The applicable d if fe re n tia l equation is  essentia lly
o f the form proposed by Streeter and Phelps describing the oxygen
d e f ic i t  re su lting  from the in te rac tion  o f two non-conservative
substances, BOD and DO, as a function o f distance downstream in  a
body o f water flow ing w ith ve lo c ity , U. The quation is  an ordinary
f i r s t  order d if fe re n tia l quation o f the form:
U ^ =  k^Z(x) -  k^D (A-3)
^O'Connor, O.J. and Dobbins, W.E. "Mechanism o f Reaeration in 
Natural Streams" Trans. ASCE, Vol. 123, 1958
^C hurch ill, M.A. etal "Prediction o f Stream Reaeration Rates"
J. Sanitary Engineering Div. ASCE Vol. 88, No. SA 4, 1962
O
Langbein, W.B. and Duram, W.H. "The Aeration Capacity o f Streams" 
U.S.G.S. C ircu lar Mo. 542, Washington, D.C., 1967
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Where'; D = dissolved oxygen d e f ic it  = C_ -  C
C = saturation value o f dissolved oxygen a t a
 ̂ given tcmpera^^r^
C = dissolved oxygen concentration at a given 
temperature
- k  -Z(x)= Z^e lU (Solution to  previous Equation A-1)
The elementary solution to equation A-3 (by means o f an in te rg ra ting
fac to r) is :
I I ,  X u X b ^
D = r  i -  ( e - h ü  -  + D„e"''aÜ
K-g -  K l Q
Where: = in i t ia l  DO d e f ic it  a t x = 0
D = d e f ic it  a t distance x downstream
Equation A-4 w ith g  = t  is  the form o f the c lassica l Streeter-Phelps 
BOD-DO sag equation, w ith the rate constant determined from the natural 
logarithm.
Type B
This technique is  a refinement over tha t presented as Type A and 
should be ysed where the fo llow ing conditions p re va il:
1) More data exists
2) More time is  availab le fo r  the analysis
3) A greater degree o f confidence is  desired in  the p red ic tive  
capab ility  o f the model
The greater degree o f accuracy in  the p red ic tive  ca p a b ility  can 
be obtained only by considering more phenomena. There should be good 
instream and waste source data preferably taken fo r  the purpose o f 
modeling. Good instream data should come from an intensive survey w ith  
a complete segment coverage w ith in  a re la tiv e ly  short time span closely 
approximating the steady sta te .cond ition . Information about the stream
uu
cross-sections, ve loc ity  and reaeration rates would be extremely 
h e lp fu l. Since th is  technique considers more sources and sinks o f 
DO than Type A, i t  w il l  produce more accurate results  only i f  those 
sources and sinks are relavant and the magnitudes and concentrations 
are known with reasonable accuracy.
This analysis, s im ila r to  the previous Type A, assumes one-di- 
mentional, steady state conditions w ith only the advection transport 
process being condidered. Carbonaceous BOD car. be represented most 
conveniently as decaying by f irs t-o rd e r  k ine tics due to physical 
processes as well as biochemical oxidation. This can be described 
by a re la tio n  s im ila r to  tha t developed e a r lie r  fo r  the combined 
CBOD-NBOD reaction:
_r. X
L(x) = L^e rU (B-1)
Where: L(x) = carbonaceous BOD at a distance x downstream
L = ultim ate carbonaceous BOD a t x = 0
0
k , = rate constant fo r  decrease in  carbonaceous 
BOD due to  biochemical oxidation
kg = rate constant fo r  decrease in  carbonaceous 
BOD due to  sedimentation and absorption
The value o f kg is  usually greater than k^ and the two may be 
iso la ted by analysis o f instream data. At secondary treatment leve ls , 
k^ may be in s ig n ifica n t.
The sequential oxidation o f ammonia to  n i t r i t e  and then n itra te  
may be represented as a f i r s t  order reaction o f ammonia d ire c tly  to 
n itra te  w ith a rate constant o f k^. This is  usually a va lid  assumption 
because the reaction from n i t r i t e  to n itra te  is  s ig n if ic a n tly  fas te r 
than the overall oxidation process o f ammonia to n itra te . The con­
centration o f ammonia is  converted in to  an equivalent oxygen demand
which represents the nitrogenous BOD. The equation describing th is  
n i t r i f ic a t io n  process is :
Ii(x) = r-lQe"'̂ ‘̂ Ü (B-2)
Where: M(x) = nitrogenous BOO a t a distance x downstream
Nq = u ltim ate nitrogenous BOD at x = 0
k = rate constant fo r  the decrease in nitrogenous
BOD due to  biochemical oxidation
Furthermore, i f  we consider the fo llow ing uniform ly d is tr ib u te d  sources 
or sinks o f dissolved oxygen due to :
1) P -  D istributed gross photosynthesis (source o f DO)
2) R -  D istributed algal resp ira tion  (sink o f DO)
3) B -  D istribu ted benthal demand (sink o f DO)
These d is tr ib u te d  sources (which become sinks o f oxygen d e f ic i t ,  0) 
and sinks (which become sources o f oxygen d e f ic it )  can be added to
the basic d if fe re n tia l equation o f the form used previously (A-4)
In the Type A analysis as fo llow s:
= k jL (x) -  P + R + B + k^M(x) (B-3)
Substitu ting  fo r functions L(x) and M(x) appearing in (B-3) above 
by the forms given in  equations (B-1) and (B-2) respective ly and in ­
teg ra ting , the elementary so lu tion can be w ritte n : 
k L
^ X d o  . X  , X k „ N „  . X . X
D ■= D e-i'au t  T- j -  .  e"''aü) + j - S - V  (e"''"? -  e’ '‘au)
“  '‘ a ■ " r  "a ■ S
+ (1 .  e-kaff)
a
The d is tr ib u te d  source/sink parameters P, R, and B should be considered 
functions of downstream po s ition , x, because th e ir  values can change 
at d iffe re n t locations. Throughout any computational element in x.
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however, the values o f P, R, and B must be assumed constant.
Judgement must be exercised in  assigning p a rticu la r values to 
those d is tr ib u te d  source/sinks depending upon d if fe re n t waste 
treatment schemes.
Where thermal p o llu tio n  exists the elevated stream temper­
ature may be represented as returning to ambient temperature by 
f i r s t  order k in e tics .
Type C
An extensive data base must ex is t fo r  th is  approach. This 
method is  time-unsteady state and can consider both advective 
and dispersive transport. For flowing streams, the dispersive 
transport can be assumed neg lig ib le , and i f  photosynthetic oxygen is  
assumed to vary p e riod ica lly  and is  the only time-dependent source, 
sink or input boundary condition, a dissolved oxygen balance y ie lds  
the fo llow ing  p a rtia l d if fe re n tia l equation^ fo r  the oxygen d e f ic i t :
I f  = -U§f -  k^D -  P (x it)  + k jL(x) + k^N(x) + R(x) + B(x)
(C-1)
I f  the photosynthentic rate is  assumed to vary as the sun ligh t in ­
te n s ity  during the day and is  zero a t n igh t, the re la tionsh ip  P(t) 
can be approximated by a periodic function o f period, p:
P (t) = Pj^sinC-rri) 0 £ t £ p
P (t) = 0 ( l - p ) 6 1 ^  1 day
I f  the period assumed is  equal to 13 hours, then the above function 
fo r  P (t) may be described by a Fourier series which can be approxi-
’ o'Connor, D.J. and D itoro, D.M. "Photosynthesis and Oxygen Balance 
in  streams", J. Sanitary Engineering D iv ., ASCE, Vol. 96, No. SA 2, 1970.
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mated by including the f i r s t  three terms as fo llow s:
P (t) ^ T ^inC-îT-t) _ |-Tyco52TT(^)] (C-2)
Where is  the amplitude o f the wave, i . e . ,  the maximum rate over 
the period, p.
I f  the terms containing L(x) and N(x) appearing in  (C-1) above
are replaced by the forms appearing in  equations (B-1) and (B-2)
respective ly , a closed form so lu tion can be obtained describing the
oxygen d e f ic i t  va ria tion  both temporally and s p a tia lly  due to  a
p e rio d ic a lly  varying source o f photosynthetic oxygen. This solution
can be found from O'Connor and D itoro c ited  previously or from 
1
O'Connor .
When both advective and dispersive transport are considered, 
a mass balance equation can be derived under the assumptions o f 
constant hydraulic conditions (flow  ve lo c ity , stream cross-section, 
e tc .)  w ith  distance and w ith p e riod ica lly  varying inputs to  simulate 
fo r  example durnal va ria tions  in  the r iv e r .  The p a rt ia l d if fe re n tia l 
equation fo r  the time-unsteady oxygen d e f ic i t  can be expressed in 
the general form:
(c-3)
Where: E = long itud ina l dispersion co e ffic ie n t
The term can include a l l  pertinent sources or sinks of 
oxygen d e f ic i t  having temporal and/or spatia l va ria tio n . Examples 
would be the photosynthetic oxygen production term, P (x ,t) as well 
as terms involving the spatia l d is tr ib u tio n  o f carbonaceous and
O'Connor, D.J. "Reactions in  Stream and Estuarian Analysis" 
Notes fo r  Manhattan Summer In s titu te  in Water P o llu tion  Control, 
Manhattan College, Bronx, M.Y., 1967
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and nitrogenous BOD described in  the preceedir.g Type C analysis.
The complexity o f equation (C-3) usually precludes closed 
form solutions using im p lic it ,  f in ite -d iffe re n c e  methods can be 
employed usually to  any required degree o f complexity.
